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Photodynamic therapy (PDT) is a treatment modality that utihzes 
a photosensitizing drug activated by laser generated light, and is 
proving effective for oncologic and nononcologic applications. 
This report provides an overview of photosensitizers, photo- 
chemistry, photobiology, and the lasers involved in photody- 
namic therapy. Clinical and preclinical PDT studies involving 
Photofrin and various second generation photosensitizers are 

reviewed. © 1995 Wiley-Liss, Inc. 
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INTRODUCTION 

Medical interest in the cytotoxic responses of 
photosensitizers has been recorded as early as 
1900 [1—4]. However, the synthesis of hematopor- 
phyrin derivative (HPD), a complex porphyrin 
mixture with reported tumor-localizing proper- 
ties, by Schwartz in the 1950s [5], can be regarded 
as the beginning of modern photodynamic ther- 
apy (PDT). In the following years, experimental 
and pilot clinical studies evaluated hematopor- 
phyrin and HPD for both diagnosis and therapy of 
malignant tumors [6-11]. Pioneering efforts in 
clinical HPD photosensitization were made by 
Dougherty [12,13], whose reports of a series of 
cancer patients treated by this technique ap- 
peared from 1978 onward. In 1980, Hayata and 
coworkers [14] were the first to apply fiberoptic 
endoscopic laser irradiation to treat early en- 
dobronchial lung cancer with PDT. Early studies, 
being anecdotal, tended to vary treatment condi- 
tions, but by the late 1980s, investigators using 
PDT for malignancies of the lung [15], esophagus 
[16], and bladder [17] were documenting staging, 
dosing, and tumor response with a goal of achiev- 
ing standardization of this relatively new ther- 
apy. 



In the past 15 years, several thousand cancer 
patients have undergone HPD- or DHE-mediated 
PDT, although the majority have not been part of 
prospective clinical trials. At the same time, sec- 
ond-generation photosensitizers and improved 
clinical laser delivery systems have been devel- 
oped. After the completion of Phase III random- 
ized trials, many ongoing at present, the status of 
PDT in comparison with conventional oncology 
treatment modalities will be known. PDT is being 
integrated into multimodality regimens, with the 
distinct advantage that photosensitizer injection 
and laser irradiation can be repeated multiple 
times. 

There are also a number of nononcologic ap- 
plications in which PDT is being evaluated. It is 
undergoing preclinical and clinical testing for its 
ability to inactivate viruses, to treat atheroscle- 
rotic lesions, and also to treat skin disorders such 
as psoriasis and portwine stains. 
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Clinical/Preclinical P 
PHOTOSENSITIZER DEVELOPMENT 
Classes of Photosensitizers 

Most clinical PDT experience comes from us- 
ing the porphyrin variants, HPD and DHE. The 
active components of HPD were identified by 
Dougherty et al. [18] to be dihematoporphyrin 
ethers and esters (DHE). The commercial prepa- 
ration of DHE, known as porfimer sodium, or 
Photofrin, contains <20% of inactive monomers 
and >80% of the active porphyrin dimers and oli- 
gomers. However, Photofrin remains a complex 
mixture with inherent variability, and it has the 
further limitation of weak light absorption at 
wavelengths above 600 nm. In addition, Photofrin 
has the side effect of causing prolonged cutaneous 
photosensitivity. These properties provided incen- 
tives for developing new photosensitizers. The 
next generation of clinical photosensitizers ide- 
ally will provide rapid plasma and tissue clear- 
ance, enhanced tumor to normal tissue selectiv- 
ity, comparable photoactivation efficiency, and 
superior light absorption of visible red and near 
infrared light. Theoretically, these developments 
will lead to more selective treatment of large ma- 
lignant lesions than is currently possible with 
Photofrin-mediated PDT. 

A growing number of second-generation pho- 
tosensitizers are being synthesized, which can be 
activated at wavelengths of light >650 nm. A non- 
exhaustive list of classes of compounds includes 
porphyrin and chlorin derivatives, purpurins, 
benzoporphyrins, phthalocyanines, and naph- 
thalocyanines. The chlorins include many catego- 
ries and are reviewed in detail elsewhere [19,20]. 
Chlorins are derived either by modifying a por- 
phyrin (reducing one of the pyrrolic rings of the 
porphyrin macrocycle) or from chlorophyll as the 
starting material for synthesis. Purpurins are for- 
mally chlorins, since they have one reduced pyr- 
role group, as well as a fused flve-membered iso- 
cyclic ring [21]. Benzoporphyrin derivatives are 
also formally chlorins, since they have a reduced 
pyrrole ring, as well as a fused six-membered iso- 
cyclic ring [22]. Phthalocyanines have been syn- 
thesized specifically for PDT [23]. They commonly 
incorporate a diamagnetic metal ion, usually zinc 
or aluminium, to enhance triplet photosensitizer 
yields and lifetimes in order to increase photody- 
namic activity [24,25]. Naphthalocyanines (ab- 
sorption maxima 770 nm) have red shifted ab- 
sorption spectra compared with phthalocyanines 
(maxima 670 nm). However, the properties of zinc 
and aluminium naphthalocyanines differ from 
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their phthalocyanine counterparts in having high 
aggregation and photochemical instability, re- 
sulting in the naphthalocyanines being relatively 
photoinactive in vitro [24]. 

Second-generation photosensitizers undergo- 
ing clinical investigation include benzoporphyrin 
derivative mono-acid ring A (BPD-MA), mono-as- 
partyl chlorin e6 (NPe6), meso-tetra(hydroxyphe- 
nyDchlorin (mTHPC), tin etiopurpurin (SnET2), 
and 5-amino-levulinic acid (ALA). The structures 
of these compounds and DHE are shown in Figure 
1. Light at 650 nm is used to activate mTHPC, 
660-665 nm is used to activate the chlorin and 
purpurin derivatives NPe6 and SnET2, and 690 
nm light to activate BPD-MA. ALA is a precursor 
of protoporphyrin IX (PpIX) in heme biosynthesis, 
and endogenous PpIX produces effective photo- 
sensitization when activated by 630 nm light. 

Tissue Distribution Studies 

Considerable information on porphyrin tis- 
sue distribution has been obtained from preclin- 
ical animal studies [26-29], in addition to 
pharmacokinetic studies in humans [30-32]. Fol- 
lowing intravenous injection, DHE has a biphasic 
plasma clearance in humans; an initial elimina- 
tion half-life of 12-22 hours and a second half-life 
of 5-6 days have been reported [31,32]. The max- 
imal therapeutic ratio for DHE between tumor 
and normal tissue varies between 24 and 96 
hours. Many second-generation photosensitizers, 
such as NPe6 and BPD-MA, have a more rapid 
rate of clearance [33,34]. Consequently, photosen- 
sitizer injection and laser irradiation can be per- 
formed on the same day. DHE and NPe6 are pri- 
marily excreted unchanged through the feces, 
whereas BPD-MA is metabolized to an inactive 
form prior to excretion through the feces [27,33, 
34]. Animal studies show that organ retention of 
these drugs is most persistent in reticuloendothe- 
lial tissues, such as liver, spleen, and kidney 
[26,33]. Levels in these tissues exceeded tumor 
levels at all time intervals after drug administra- 
tion. Adrenal glands, pancreas, and bladder also 
retain high amounts of DHE. Skin and muscle 
take up relatively low levels of porphyrin and nor- 
mal brain tissue has minimal uptake [27,28]. 

Transport in the blood of hydrophilic photo- 
sensitizers (hematoporphyrin monomers, tetra- 
sulphonated porphyrins, and phthalocyanines) is 
mostly via albumen and globulins. These sensi- 
tizers localize in the stroma of tumor, vascular, 
and normal tissue. More hydrophobic photosensi- 
tizers (hematoporphyrin oligomers, mono and un- 
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Fig. 1 . Chemical structures for (A) dihematoporphyrin ether, 
DHE; (B) benzoporphyrin derivative monoacid rinf< A, BPD- 
MA; (C) mono-aspartyl chlorin e6, NPe6; (D) meta-tetra (hy- 
droxyphenyl) chlorin, mTHPC; (E) tin etiopurpurin, SnET2; 
and (F) 5-amino-levulinic acid, ALA. 
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substituted phthalocyanines) are preferentially 
incorporated in the lipid portion of plasma li- 
poproteins 1351. Dyes with affinity for low density 
lipoproteins (LDL) are taken up by cells, at least 
in part, by receptor-mediated endocytosis. Li- 
poprotein-carried dyes are mostly deposited in en- 
docellular loci, including mitochondria, lyso- 
somes, and plasma membrane [35]. Otherwise, 
tightly aggregated dyes partly circulate as un- 
bound pseudomicellar structures, which can enter 
cells by pinocytosis and localize in macrophages 
[351. 

Photosensitizer Targeting 

Approaches to improve the selective localiza- 
tion of photosensitizers in tumors involve binding 
the dye to targeting molecules such as antibodies, 
liposomes, and lectins [36,371. The various conju- 
gation strategies are described elsewhere [38,39]. 
The methods rely on the targeting molecule hav- 
ing high affmity for a tumor-associated antigen or 
receptor. 

Plasma lipoproteins were found to play a ma- 
jor role in the in vivo transport of all classes of 
photosensitizers that are moderately or highly 
hydrophobic [401. The low density lipoproteins 
(LDL) are of particular interest because they are 
recognized by specific receptors (e.g., the apo B/E 
receptor), which would result in LDL-bound pho- 
tosensitizers being efficiently released to cells via 
apo B/E receptor-mediated endocytosis [411. The 
process would favor cells that have a high content 
of LDL receptors, such as highly mitotic cells, in- 
cluding tumor cells, and endothelial cells [42]. In 
agreement with this, a correlation was seen be- 
tween the extent of a photosensitizer's association 
with LDL and the efficiency of tumor targeting 
[401. Therefore, various methods to enhance the 
LDL-mediated mechanism have been investi- 
gated, including formulation of photosensitizer in 
liposomes, lipid emulsions, inclusion complexes 
such as cyclodextrin, as well as pre incorporation 
of the drug with LDL. Hematoporphyrin and zinc 
phthalocyanine incorporated into various lipo- 
somes show highly increased delivery to lipopro- 
teins and high tumor uptake, compared with 
when administered in saline [40]. Photofrin pre- 
pared in LDL shows the same findings [40]. Ben- 
zoporphyrin derivative analogs, which naturally 
bind to the lipoprotein fractions when mixed with 
human plasma, have enhanced tumor uptake and 
tumor eradication when prebound to low density 
or high density lipoproteins (43!. BPD-MA is for- 
mulated in liposomes to achieve efficient tumor 
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photosensitization [44]. ALA encapsulated in li- 
posomes and injected into tumor-bearing mice in- 
duced higher endogenous porphyrin accumula- 
tion in the tumors and maximal tumor/skin 
ratios, compared with injection of free drug [45]. 
However, selectivity indexes cannot be extrapo- 
lated directly to humans, since interspecies LDL 
plasma concentration and receptor activity varies 
widely. Rabbits and dogs show more similar pat- 
terns of plasma lipoproteins to humans than do 
commonly used mice and rat models [42]. 

Photoimmunotherapy, also termed "anti- 
body-targeted photolysis," is another targeting 
technique in which antitumor monoclonal anti- 
bodies (IVIAb) are used as carriers for photosensi- 
tizers [36,46,47]. In preparing the conjugates, the 
goal is to preserve activity of the MAb conjugate 
and maximize the number of photosensitizer mol- 
ecules bound to the MAb. For example, a conju- 
gate of MAb-dextran-chlorin achieves a higher 
ratio of photosensitizer to antibody than is obtain- 
able with direct attachment. This conjugate was 
used to show that binding at high concentration 
to the plasma membrane was photodynamically 
effective and that the chlorin did not need to enter 
the cells [36]. In contrast, MAb delivery of most 
drugs and toxins requires internalization. The 
mechanism of photolysis appears to involve re- 
lease of singlet oxygen by the conjugate, although 
the actual target sites of MAb-photosensitizer 
conjugates are unknown [36,47]. The cell mem- 
brane is probably a principal target of MAb-tar- 
geted singlet oxygen damage, and cytoplasmic 
constituents close to the membrane may also be 
affected. The technique can use a variety of pho- 
tosensitizers (it is not necessary for the sensitizer 
to have tumor-localizing properties) and offers 
theoretical advantages, including sensitizer dose 
reduction and minimal or no skin photosensitiv- 
ity, compared with systemic injection of free drug. 
The clinical role of MAb delivered photosensitizer 
is not yet defined, although animal models show 
in vivo effectiveness [47]. The biodistribution of 
the photosensitizer BPD, conjugated to a MAb 
specific for A549 human squamous cell carci- 
noma, was altered compared to injection of free 
BPD [48]. The results demonstrated that the sen- 
sitizer and antibody did not dissociate in vivo. In 
addition, the MAb-BPD conjugate showed speci- 
ficity for the A549 tumor, in terms of its kinetics 
of tumor tissue accumulation of BPD compared 
with normal tissues. 

A preliminary report of MAb-targeted pho- 
todynamic cancer treatment was documented in 
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three patients with advanced ovarian carcinoma, 
by Schmidt et al. [49]. A disulfonated zinc ph- 
thalocyanine was coupled by ester linkage to an 
anti-CA-125 antibody, since the patients all had 
elevated serum levels of the CA-125 tumor-asso- 
ciated antigen. The MAb-ZnPc conjugate was in- 
stilled in the peritoneum 72 hours before surgical 
tumor reduction and laser irradiation. After 
treatment, tumor cells were sampled for ultra- 
structural studies to detect signs of PDT damage. 

For clinical application, there are several is- 
sues to address, in particular: (1) whether a large- 
size MAb-photosensitizer conjugate can reach 
cells in a solid tumor, (2) whether significant tu- 
mor cell antigen heterogeneity will arise, and (3) 
whether the host immune response will limit the 
technique. Methods to overcome each of these 
problems exist, such as use of small Fab or (Fab')2 
antibody fragments linked to the sensitizer and 
use of multiple MAbs to recognize different anti- 
gens. MAbs can be recognized as foreign proteins 
and become ineffective when neutralized. To de- 
crease immunogenicity, it is desirable to use hu- 
man antibodies and perhaps also to apply toler- 
ance induction methods for reducing the immune 
response [50]. 

PHOTOCHEMISTRY AND PHOTOBIOLOGY 
Type I and Type II Photochemistry 

Upon absorption of a photon of light, a pho- 
tosensitizer will be excited to a high energy sin- 
glet state. Singlet photosensitizer can decay back 
to its ground state, resulting in fluorescence 
emission. Alternatively, it can form triplet sensi- 
tizer, a slightly lower energy state, and longer 
lived excited species, by electron spin conversion 
in the process called intersystem crossover [51]. 
The fluorescent properties of photosensitizers 
have been useful for visualizing tumor localiza- 
tion and delineation of the malignant lesion. 
However, photodynamic action is dependent on 
intersystem crossover being the predominant pro- 
cess. The most efficient photosensitizers for PDT 
have a high triplet quantum yield and long triplet 
half-life. Triplet photosensitizer can undergo ei- 
ther Type I (electron or hydrogen atom transfer) 
or Type II (energy transfer) photochemical reac- 
tions. Transfer of energy to molecular oxygen is 
thought to be the primary photochemical reaction 
in porphyrin-mediated PDT. This results in the in 
situ generation of singlet oxygen (^O^) [52]. The 
scheme for type II photochemical reactions is 
shown in Figure 2. 



Type I reactions probably occur also, porphy- 
rins being most likely to undergo electron trans- 
fer processes with production of superoxide anions 
(O^ ) [51). Hydroxyl radicals and O2 have been 
detected during PDT reactions [53]. 

The highly reactive oxygen products of Type 
I and II reactions produce damage initially at the 
site of photosensitizer localization, due to their 
very short lifetimes in a biological environment. 
Unfortunately, it has been difficult to identify the 
initial target sites, because photochemical reac- 
tions can produce radical chain auto-oxidation 
and further oxidative reactions, leading to vary- 
ing types of intracellular damage [51]. 

Cellular Targets of PDT 

Subcellular sites of photodynamic damage 
include the plasma membrane and many or- 
ganelle membranes, in particular the mitochon- 
dria [541. Following DHE-mediated PDT, fluores- 
cence and electron microscopy show immediate 
changes in mitochondria, with progressive swell- 
ing and structural disruption. Biochemical anal- 
ysis has shown that PDT inactivates membrane- 
bound mitochondrial enzymes such as cytochrome 
C oxidase and succinate dehydrogenase, and in- 
hibits respiration [55-57]. Damage to endoplas- 
mic reticulum membranes is similarly observed, 
ultrastructurally and biochemically, with inacti- 
vation of acyl coenzyme A [58]. Plasma mem- 
brane depolarization and inactivation of trans- 
membrane pumps, such as the Ca^^/ATPase and 
the Na^/K^ ATPase, is observed following por- 
phyrin PDT [59,60]. Chlorin, benzoporphyrin, and 
phthalocyanine photosensitizers cause damage to 
lysosomes, resulting in hydrolytic enzyme leak- 
age [61]. It is probable that multiple sites and 
types of cellular photooxidation result from pho- 
todynamic treatment using the current photosen- 
sitizers, as none of the drugs are site-specific [54]. 

Damage to DNA has been demonstrated by 
measurement of single-strand breaks and sister 
chromatid exchanges, but this does not appear to 
be a critical determinant of cytotoxicity [62,63]. 
Cell sensitivity to DHE photosensitization was 
comparable in human fibroblast cells whether 
proficient or deficient in DNA damage repair [64]. 
The quantity of DNA-protein crosslinks (rather 
than DNA-DNA crosslinks) was thought to be a 
factor in the differential sensitivity to PDT in 
mouse lymphoma cell lines [65]. It was noted that 
one of the most sensitive lymphoma cell strains 
had a mutated thymidine kinase gene locus after 
PDT treatment [66]. However, mutation and car- 
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cinogenic transformation levels were measured as 
unchanged after a wide range of porphrin-medi- 
ated photosensitization doses [67]. 

Interestingly, PDT induces the expression of 
several types of stress proteins in cells, including 
heat shock proteins (HSP) and glucose-regulated 
proteins (GRP), although the specific response 
varies as a function of the photosensitizer and 
sensitizer incubation conditions [68-70]. Cells ex- 
posed to DHE and light, after a long incubation 
protocol to allow intracellular localization of 
drug, show induction of GRP78, GRP94, and 
hemeoxygenase (HO). NPe6 PDT and SnET2 PDT 
induce GRPs and HO, as well as HSP70 and 
HSP25. The induction of stress genes by PDT ap- 
pears to be at the transcriptional level, but the 
complex problem of what target damage is re- 
sponsible for induction of each stress gene is yet to 
be determined. 

Apoptosis is also induced by PDT and ap- 
pears to involve a signal transduction pathway 
originating at the cell membrane. Oleinick et al. 
[71,72] demonstrated characteristic DNA frag- 
mentation, chromatin condensation, and activa- 
tion of a constitutive endonuclease in phthalocy- 



anine and porphyrin photosensitized cells. 
Inositol triphosphate (IP3) release was measured 
as a result of phospholipase C activation by PDT. 
The pathway is thought to follow IP3 release, rise 
in free intracellular Ca^ ^ , activation of phospho- 
lipase A2, and subsequent release of arachidonic 
acid. One of the metabolic products of arachidonic 
acid presumably activates an apoptotic endonu- 
clease. Importantly, apoptosis has also been iden- 
tified in vivo as an early event in tumor shrink- 
age following DHE or phthalocyanine-mediated 
PDT [73]. The significance of apoptosis in the clin- 
ical PDT response compared with necrotic cell 
death is unknown. 

Vascular Destruction Versus Direct Tumor 
Cell Kill 

Experimental studies indicate that vascular 
injury plays a major role in tumor destruction fol- 
lowing PDT. The in vivo response of porphyrin- 
mediated PDT is characterized by rapid onset of 
vascular stasis, vascular hemorrhage, and both 
direct and anoxia-induced tumor cell death. In a 
study examining perfusion of mouse tumors after 
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Photofrin PDT, tumor regrowth delay correlated 
with treatment protocols that cause the most se- 
vere reduction in tumor blood flow [74]. Vascula- 
ture destruction also appears to be the major 
effect following chlorin and phthalocyanme pho- 
tosensitization, with tumor cell death occurrmg 
secondary to vascular shutdown [75]. Henderson 
et al [76] used an in vivo/in vitro technique to 
demonstrate the time course of PDT events. In 
Tumors removed soon after HPD PDT treatment, 
the cells were clonogenically viable, but viability 
decreased with longer intervals of sampling. Vu- 
mor cell death was occurring later from oxygen 
and nutrient deprivation, following early vascu- 
lar injury. ^ 

Endothelial cells and macrophages are 
known to be particularly sensitive to photosensi- 
tization. Irradiation of sensitized mast cells and 
macrophages causes release of vasoactive inflam- 
matory agents and cytokines, including prosta- 
glandins, lymphokines, and thromboxanes [77, 
78] These inflammatory mediators seem to play 
an important role in the microvascular response 
to PDT, since administration of cyclooxygenase 
inhibitors not only inhibits their release, but also 
inhibits PDT-induced vascular damage and tu- 
mor destruction [79,80]. However, there does not 
seem to be any significant difference in photosen- 
sitivity between tumor and normal vascular en- 
dothelium [81]. r-Tir^rr 4. 

It is likely that the mechanism ot FD 1 tumor 
destruction in human tumors is not always the 
same as found using transplanted animal tumors. 
One reason is that spontaneous tumors have 
marked differences in vascular and stromal struc- 
tures It has been suggested that in the clinical 
situation, the vascular effects may be less respon- 
sible for tumor destruction than direct killing ot 
tumor cells. An initial increase in blood flow can 
sometimes occur, seen in preliminary human tu- 
mor blood flow studies [82]. Also, direct cell kill 
effects might be underestimated from the mecha- 
nistic studies in animals. Histological evaluation 
of tumors following PDT shows clear demarcation 
of tissue necrosis, corresponding to depth of light 
penetration and not consistent with vascular oc- 
clusion causing cell kill [82]. Ultimately, the rel- 
ative contributions from tumor cell and vascular 
photosensitization will depend to some extent on 
the time interval employed between drug injec- 
tion and light irradiation and drug dose. The pho- 
tosensitizer type is a particularly important fac- 
tor due to their variation in clearance kinetics 
and tissue compartment localization [77]. 
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PDT offers a degree of tumor selectivity with 
minimal systemic side effects. Factors contribut- 
ing to selectivity include: (1) preferential photo- 
sensitizer localization in neoplastic tissues, and 
(2) precise laser light irradiattion of the tumor re- 
gion The first factor cannot be relied upon using 
current photosensitizers to produce selective pho- 
todynamic treatment of the malignant lesion, 
since the amount of differential localization be- 
tween tumor and normal tissue is highly variable. 
There are several theories regarding the mecha- 
nisms whereby photosensitizers can accumulate 
or be retained in neoplastic tissue more than m 
the adjacent normal tissue. It is probable that 
more than one mechanism is operating. 

The majority of data on in vitro cell studies 
indicate that normal cells and cells of varying on- 
cogenic potential take up similar levels of photo- 
sensitizer [83]. Cationic intramitochondrial dyes 
are an exception, capable of producing selective m 
vitro photolysis, due to increased dye incorpora- 
tion by carcinoma cells [84]. Tissue physiology is 
clearly important, since Chan et al. [85] trans- 
planted the same tumor (colorectal carcinoma) to 
different organs in mice and found significant 
variation in in vivo ClAlPc uptake. Henderson 
and Dougherty 182] suggest that simple pooling 
and retention of photosensitizer could occur as a 
result of the typically large interstitial space and 
poor lymphatic network characteristic of tumor 
tissue, in comparison with normal tissues having 
lower interstitial, higher vascular spaces [86]. 
The tumor localization properties of anionic dyes, 
such as hematoporphyrin derivatives and phthal- 
ocyanines, are thought to involve tissue factors 
such as low pH, and increased amounts of macro- 
phage infiltration and newly synthesized collagen 
[83] The density of lipoprotein receptors was pro- 
posed as a more specific mechanism for increased 
uptake, whereby LDL-bound photosensitizer rap- 
idly enter neoplastic cells by receptor-mediated 
endocytosis [87]. However, uptake assisted by 
LDL binding is not the only explanation since 
protoporphyrin associates well with lipoproteins 
but is a poor tumor localizer. Several other dyes, 
such as TPPS and uroporphyrin, are reported to 
be good tumor localizers, although they associate 
poorly with lipoproteins. 

The drug concentration ratio depends on the 
tissue. The highest tumor to normal tissue ratios 
of Photofrin have been reported in the brain, 
which might be due to a breakdown in the blood^ 
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brain barrier at the tumor site [881. In skin, the 
tumor to normal tissue ratio of Photofrin in ro- 
dent models is <2:1. However, human malignant 
skin lesions have shown more selectivity in treat- 
ment response than rodent models [82 J. In retic- 
uloendothelial tissues where uptake of current 
photosensitizers is high, there is no time interval 
that produces a useful ratio. Understanding the 
mechanisms for preferential uptake is mainly im- 
portant for attempting to improve tumor target- 
ing of sensitizers. Methods of targeting photo- 
sensitizers using carrier molecules or delivery 
systems may prove worthwhile as a means to in- 
crease tumor selectivity. 

Combined Use of PDT and Hyperthermia 

In general, the reason for using nonthermal 
power densities for photodynamic treatment is to 
exploit the potential selectivity of PDT by irradi- 
ating tumors at a time when the photosensitizer 
is retained in higher concentrations than the sur- 
rounding normal tissue. This allows undefined 
tumor margins to be lasered more safely. Clini- 
cally, combined hyperthermia and PDT tend not 
to be employed, although simultaneous treatment 
could be achieved simply by using higher dose 
rates of light during PDT. 

From experimental studies, hyperthermia 
(HT) has been proposed to be a useful adjunct to 
photodynamic therapy for some applications, 
since the two treatments can be synergistic. In 
vitro and in vivo experiments indicate that the 
therapeutic response is synergistic or superaddi- 
tive only within a short window, when HT is ap- 
plied before, during or immediately after PDT 
[89,90]. The following mechanisms have been 
suggested for the synergistic response that fol- 
lows the specific treatment sequence of PDT fol- 
lowed by HT. The rapid vascular destruction 
caused by PDT can hinder heat dissipation by 
blood circulation and increases the temperature 
differential between tumor and normal surround- 
ing tissue [911. At the cellular level, PDT and HT 
may have targets in common, particularly mem- 
branes. The proteins of the plasma membrane and 
raitochondrial membranes undergo structural 
transitions at hyperthermic temperatures [91]. 
Despite PDT and HT having similarities in their 
subcellular targets and denaturing effects on pro- 
teins, there is no evidence that the two modalities 
share mechanisms of cytotoxicity. Cross resis- 
tance to PDT is not observed in temperature re- 
sistant murine fibrosarcoma cell lines [92]. 

Heat applied before PDT may be a less effec- 
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tive combination in vivo, since the vascular mod- 
ifications due to HT, such as hemorrhage, could 
drastically decrease light penetration in the tu- 
mor [91]. Heat-induced capillary collapse could 
significantly decrease oxygenation in the tumor 
microenvironment, which would theoretically im- 
pair the efficiency of photodynamic action [91]. 

Advocating against combined PDT and HT 
to obtain improved tumor control, injury to nor- 
mal tissue can also be increased as a result of 
vascular effects common to both treatments. An 
experimental model showed that combined treat- 
ment of PDT followed by HT required an interval 
of more than 21 days between modalities to min- 
imize normal skin necrosis [93]. 

LIGHT IRRADIATION 

Laser and Nonlaser Sources 

Incandescent filament (tungsten) and arc 
(xenon, mercury) lamps were used in early clini- 
cal PDT studies. It seems likely that nonlaser 
sources of light will continue to have a useful role, 
even though they supply relatively broad spec- 
trum light. Lasers have become the standard 
light source for most clinical PDT applications 
largely because the laser beam can be efficiently 
coupled into single optical fibers, ideal for insert- 
ing in flexible endoscopes and for interstitial use. 

Laser light is monochromatic, and the wave- 
length chosen depends on the specific photosensi- 
tizer and application. The absorption spectrum of 
DHE includes a high Soret band absorption (370- 
410 nm) with progressively smaller Q bands (505, 
540, 580, and 630 nm) [94]. The 514 nm output of 
the argon laser is suitable for PDT applications 
where tissue penetration requirements are mini- 
mal, such as in certain cancers of the peritoneal 
cavity or bladder. Although Photofrin absorption 
is minimal for 630 nm light, this wavelength is 
routinely used for Photofrin-mediated PDT be- 
cause light penetration in tissue is greater than 
at the shorter wavelength Q bands [95]. The ar- 
gon ion laser-pumped dye laser has been the most 
widely used laser system to produce 630 nm light. 
In the visible red spectrum, the choices of gas and 
solid state laser with sufficient power for PDT 
treatment are limited. The gold vapor laser (GVL) 
emitting at 628 nm can generate over IW of 
power. Optically pumped dye lasers remain a pop- 
ular light source for PDT, since single dyes can 
cover a significant range of wavelengths. The tun- 
ability is an obvious advantage of dye lasers over 
the GVL, since the output wavelength can be al- 
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tered accordingly to suit new drugs with varying 
absorption properties. 

Argon ion laser-pumped dye laser 
(ADL). This has been the most widely used light 
source for clinical PDT and emits continuous 
wave (CW) light. Medical ADL systems have min- 
imized the requirement for precise optical align- 
ment of the dye laser. Argon lasers are termed 
small frame (7-10 W) or large frame (20-25 W) 
and generate 1-2 W or 3-4 W of red light, respec- 
tively, out of the dye laser. This light can be cou- 
pled with 80-90% efficiency into single 200-400 
p,m fibers, Rhodamine B is a relatively stable dye 
with long-lasting lifetimes, most commonly em- 
ployed in the ADL to obtain 630 nm light; DCM (4 
dicyanomethyiene-2-methyl-6-dimethylaminosty- 
ryl-4H-pyran) and Kiton red are other dyes of 
choice for obtaining light of this wavelength. 

Gold vapor laser (GVL). The GVL pro- 
duces a pulsed output at 628 nm. Compared to dye 
lasers, GVL are tolerant to misalignment and easy 
to operate. The laser pulse duration is typically 
50-100 nsec and pulse repetition frequencies tend 
to be in the range 4-20 kHz for commercial sys- 
tems. Average output powers range from 1.5 W to 
9 W. The fixed wavelength output of 628 nm 
matches Photofrin absorption, although it would 
be possible to use this laser for new photosensi- 
tizers, by converting the plasma tube to a copper 
vapor laser for pumping a tunable dye laser. 

Copper vapor laser-pumped dye laser 
(CVDL). The copper vapor laser is also a pulsed 
system with pulse structures similar to the GVL. 
The output from the copper laser at 510 and 578 
nm would be useful only in surface PDT treat- 
ments. Its high pulse repetition frequency and 
high average pulse power make it suitable as a 
pump laser for dyes with emission in the red and 
near infrared, A negative feature of this pulsed 
laser output is a large beam divergence, requiring 
a larger diameter fiber (1,000 [im) for light deliv- 
ery. Like the ADL, its most important character- 
istic is its tunability, particularly useful when 
new drugs are approved. 

Excimer laser-pumped dye laser (EDL). 
This laser system is widely used by Japanese cli- 
nicians in their Phase III registration studies us- 
ing Photofrin, XeCl or XeF gas is excited to pro- 
duce UV line output, which is then used for 
pumping rhodamine or DCM dye to produce 630 
nm light. The excimer laser is a high power 
pulsed laser, capable of megawatt peak output of 
10-100 ns pulse duration. The EDL has a low 
repetition rate (maximum 80 Hz). 



Solid state lasers. The neodymium:YAG 
(Nd:YAG) laser emitting at 1,064 nm or fre- 
quency doubled to emit at 532 nm has applica- 
tions in surgical specialties, the wavelength of 
choice depending on 1,064 nm light having excel- 
lent penetration properties through hemoglobin, 
whereas 532 nm light does not. With regard to 
suitability for PDT, frequency doubled operation 
can be used to pump a dye laser resulting in tun- 
able pulsed laser output. A combination system 
has been assembled intended specifically for this 
application, in which a KTP doubled Nd:YAG la- 
ser (line output at 532 nm) is used to pump a dye 
laser to emit light at 630 nm. The average power 
is 3-4 W from the KTP-dye laser system. The 
repetition rate is 25 kHz and the pulse width is 
470 nsec. Alternatively, Nd:YAG has several mi- 
nor lines, such as 1,318 nm, which can be fre- 
quency doubled to provide 659 nm light. 

Tunable solid state lasers have advanced 
considerably in the past 5 years and are being 
tested experimentally for PDT use. They can only 
generate far-red/near infrared light, so they are 
potential laser sources for matching to second- 
and third-generation photosensitizers. The tita- 
nium:sapphire (Ti:Al203) laser has three sets of 
optics to cover the wavelength range 690-1,100 
nm; the alexandrite lasers have a working range 
720-800 nm. 

Diode lasers. Major progress in the use of 
semiconductor laser diodes for PDT has been 
gained by making phased arrays of the output 
beams from multiple low power diodes to make a 
sufficiently high power coherent beam. Diode la- 
sers are a portable size and represent convenient 
light sources. Most development is on the GaAIAs 
diodes, usually operating in the wavelength 
range of 780-850 nm with 1-5 W output. Diode 
laser systems emitting at 660-700 nm have been 
developed, but the power output is lower. Diode 
arrays have considerable potential for PDT in- 
volving current sensitizers (NPe6, BPD) and new 
sensitizers with absorption in the far-red region. 
The quality of the output beam is relatively di- 
vergent compared to the other laser systems de- 
scribed, making it more difficult to couple to fiber 
optics. 

Comparison of CW and Pulsed Lasers for PDT 

There are few prospective studies comparing 
CW and pulsed laser systems for PDT. In general, 
it has been demonstrated that both types of laser 
light can be used for therapy. There is insufficient 
information for the new laser systems being in- 
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troduced and, therefore, further evaluation will 
be' required in this regard. Controlled studies are 
required to determine biological equivalence for 
the EDL and solid-state lasers with the ADL, in 
terms of PDT efficacy and safety. Pulsed lasers 
operating at very high repetition rate represent a 
quasi-CW mode. Differences in effects may be ex- 
pected with pulsed lasers that have a high peak 
power per pulse. 

Several studies have been conducted to di- 
rectly compare the ADL (630 nm light) and GVL 
(628 nm) [96-98]. One experimental study used a 
cell culture and a murine tumor response assay 
[96]. Both laser systems were tested using 400 
mW output (average pulse power of 400 mW), cou- 
pled to a 400 \xm fiber to create a 1 cm diameter 
spot- The GVL had a 50 ns pulse width and rep- 
etition frequency of 10-14 kHz. The lasers were 
equivalent in in vitro cytotoxicity and in tumori- 
cidal efficiency. For clinical usage, which gener- 
ally required ~1 W of power, the GVL was easier 
to operate [97]. Output needed to be coupled to a 
600 p.m diameter fiber (compared to 200 |jlM with 
the dye laser), which can be a disadvantage if the 
large, less flexible fiber reduces the maneuvre- 
ability of endoscopes. Otherwise, light applied 
continuously or in a pulsed mode appeared to 
make no difference to the results of patient PDT 
treatments. A recent study compared the ADL 
and GVL for treatment of virally induced papillo- 
mas in rabbits [98]. The GVL produced a faster 
rate of initial response following PDT, but ulti- 
mately there were no differences in overall cure 
rate, histology assessment, or viral DNA analysis 
from involved tissues using either laser system. 

Barr et al. [99] compared three lasers for 
photodynamic effectiveness using normal rat co- 
lon as an in vivo model and aluminium sulpho- 
nated phthalocyanine as the photosensitizer. An 
ADL system (DCM dye), a 10 kHz repetition 
CVDL (Oxazine72/Rhodamine G dye), and a 5 Hz 
repetition flashlamp-pumped dye laser (cresol vi- 
olet dye) were evaluated. Each laser was tuned to 
emit 100 mW at 675 nm, coupled to a 200-|JLm 
fiber. The ADL and CVDL were comparable at 
producing damage, measured as the radius of ne- 
crosis in histology sections. The CVDL pulses 
were 40 ns width and 10 mj energy. The flash- 
lamp-pumped dye laser produced 2 |xs, 20 mJ 
pulses, and failed to produce a photodynamic ef- 
fect. The most likely explanation for the ineffec- 
tiveness of this laser was that the higher energy, 
n^icrosecond pulses produced saturation of the ph- 
thalocyanine. Specifically, the pulse energy was 
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able to pump most of the ground state photosen- 
sitizer to an excited state and deplete the ground 
state population, so that subsequent pulse energy 
is not used efficiently. Saturation pumping is a 
common process for phthalocyanines because they 
have a high absorption coefficient. However, the 
flashlamp-pumped dye laser was also found to be 
ineffective for PDT mediated by HPD in a murine 
tumor model, despite HPD having a lower absorp- 
tion coefficient and lower potential for saturation 
[100]. 

A direct comparison has also been made be- 
tween the ADL and the pulsed KTP-pumped dye 
laser [101]. Both dye lasers were tuned to emit 
630 nm light and the output coupled to a 200 |xM 
fiber. The lasers were tested over the range 0-400 
J/cm^ using a power density of 75 mW/cm^. They 
were shown to be biologically equivalent in sev- 
eral types of experimental systems, including in 
vivo tumor response, murine skin photosensitiza- 
tion, and in vitro cytotoxicity. Furthermore, tu- 
mor temperature levels during laser exposure, 
amount of DHE photobleaching, and induction of 
cellular stress protein synthesis were observed to 
be identical using either laser system. 

Laser Dosimetry and Delivery 

The clinical effectiveness of PDT for solid tu- 
mors depends in large part on the transmission of 
adequate light throughout the tumor tissue. The 
aim is to disperse low power light uniformly, ei- 
ther over the surface area or into the volume of 
tissue, to initiate the photochemical process with- 
out inducing side-effects, such as thermal damage 
of adnexal structures. This is in contrast to sur- 
gical laser treatments, in which light is focused 
for cutting, coagulating, or photoacoustical ef- 
fects. In PDT, further requirements of the deliv- 
ery systems are to make them: (1) compatible 
with other clinical instrumentation, such as en- 
doscopes and stereotactic devices, (2) to incor- 
porate light output monitoring and dosimetry 
devices, and (3) to tailor the light spatial distri- 
bution to match the tumor shape and size in each 
patient [102]. 

The light dose chosen for PDT depends on 
the size, location, and type of tumor. Using Phot- 
ofrin and 630 nm light, typical radiant exposures 
are 25-300 J/cm^ for surface treatment and 100- 
400 J/cm for intersitial applications, with maxi- 
mum irradiances of 200 mW/cm^ or 400 mW/cm, 
respectively [103]. This has generally been at- 
tained using laser sources having an output 
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power of 1-2 W. However, higher power lasers (at 
least 5 W) may be required during intracavitary 
PDT, involving treatment of large surface areas 
in pleural and peritoneal cavities. 

Power requirements are not likely to be 
much less with second-generation photosensitiz- 
ers either, since the rationale for these is to allow 
treatment of larger tumors by exploiting their 
higher extinction coefficient and longer wave- 
length activation. Another situation in which a 
higher light dose is required than normal is dur- 
ing differential photobleaching of photosensitizer 
in tumor and adjacent normal tissues fl04]. The 
technique can potentially improve the therapeu- 
tic ratio of PDT and it involves significant photo- 
sensitizer dose reduction. The light dose needs to 
be increased more than proportionally to achieve 
equivalent photodynamic tumor destruction. 

Laser delivery systems differ depending on 
the application. Rather than simply using an ex- 
panded laser beam from a bare fiber, more uni- 
form irradiation is obtained by fitting a microlens 
to the fiber for forward surface illumination 
1 105,106]. For treating thicker lesions and tumors 
within the body, the use of interstitial laser irra- 
diation is required. The fiber can be directly in- 
serted into the tumor mass, either by point inser- 
tion or inside a needle using a flat cut fiber tip, or 
by insertion of spherical and cylindrical diffusing 
tips. If several sites are to be irradiated, translu- 
cent nylon catheters can be surgically implanted 
for subsequent laser treatments. 

The concept of "photodynamic dose" and con- 
tributing factors have been described by Wilson 
[107]. During patient follow-up, a wide range in 
tumor response is seen. Factors responsible for 
heterogeneity are speculated to include differ- 
ences in photosensitizer uptake and light trans- 
mission within the tumor, and variation in tumor 
tissue sensitivity depending on cell composition, 
vascularity, and oxygenation. Techniques to mea- 
sure light fluence within tissue, photosensitizer 
concentration, and tumor tissue oxygenation are 
being developed to assist patient PDT treatments. 

Several workers [105,107] have identified 
the requirement for incorporation of light moni- 
toring and dosimetry instruments into clinical de- 
livery systems as the next essential step to gain 
information from each patient treated with PDT. 
Invasive and noninvasive devices will be able to 
provide real-time information during the laser 
procedure. Direct noninvasive measurement of 
drug concentration in a tissue can be based on 
quantitative fluorometry or reflectance spectro- 
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photometry, although these only provide average 
values. Transcutaneous DHE levels in an animal 
model were measured using a hand-held fluoro- 
meter and showed a good correlation with fluo- 
rescence measurements of DHE in skin biopsy 
specimens [1081. Similarly, noninvasive measure- 
ment of local oxygen concentration can be made 
during treatment. Tromberg et al. [109] used 
transcutaneous oxygen electrodes in rabbits 
transplanted with VX-2 skin carcinomas. PDT us- 
ing low light doses caused a reversible decrease in 
oxygen tension, whereas large fluences caused 
long-term irreversible hypoxia. 

There are ongoing attempts to make in vivo 
measurements of singlet oxygen (^Oa) production, 
by monitoring its luminescence emission at 1,270 
nm, since is generally accepted as a key in- 
termediate in the photodynamic effect [110]. It is 
thought that a minimum threshold level of (or 
photoactivated species) is required to produce tu- 
mor necrosis. So far, it seems in a cell or tissue 
environment, the extremely short lifetime of sin- 
glet oxygen (<0.5 p.s) prevents reliable detection 
with present infrared detectors [111,112]. 

PHOTODYNAMIC THERAPY APPLICATIONS IN 

CANCER TREATMENT 

Current Status of Clinical Photofrin PDT 

PDT has been used to treat several thousand 
cancer patients as an investigational modality. 
Recently, Canada received Board of Health ap- 
proval for the use of Photofrin-mediated PDT for 
treating superficial bladder cancer. In addition. 
The Netherlands has permitted licenses for treat- 
ing lung and esophageal cancers with Photofrin 
PDT. Further regulatory submissions for a vari- 
ety of applications have been made in Japan, Bel- 
gium, Germany, Denmark, and Greece. A product 
license for PDT specifies not only the photosensi- 
tizing drug, but also the laser type and the fi- 
beroptic devices for producing and delivering the 
light [113]. 

The following Phase I and II trials are un- 
derway or near completion in the United States: 
for breast metastases, gynecological tumors, cu- 
taneous cancers, Carcinoma In Situ (CIS), Kapo- 
si's sarcoma, and papillomatosis, plus Phase I/II 
trials for intraperitoneal and intrapleural (intra- 
cavitary) PDT. Phase III trials in the United 
States, Canada, and Europe are evaluating Pho- 
tofrin PDT for treatment of endobronchial lung 
cancer, esophagus, superficial bladder cancer, atid 
prophylaxis of bladder cancer following transure- 
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thral resection (TUR) of tumors. Japan has Phase 
III chnical trials in progress for early stage lung, 
esophagus, gastric, bladder, and cervical cancers. 

Clinical Studies of PDT Using HPD/Photofrin 

This section reviews the current status of 
clinical PDT treatment using Photofrin (DHE) or 
its predecessor, HPD. Details are given for spe- 
cific laser delivery systems designed for the spe- 
cific cancer type. Clinical outcomes are mostly 
described as complete response {CR; no tumor 
present grossly and microscopically), partial re- 
sponse {PR; >50% decrease in all tumors treated), 
with the remainder of lesions representing pro- 
gressive disease. Follow-up times vary in each 
study. 

Endobronchial lung cancer. The lung 
cancer mortality rate remains high, despite in- 
creased screening and early detection. This dis- 
ease is thought to be multicentric; patients have a 
high risk of developing another primary lung tu- 
mor even after complete resection of the original 
lesion [114,115]. This means that surgical treat- 
ment of initial early stage lung cancer has become 
as conservative as possible to preserve lung tis- 
sue. Surgical resection can be totally successful at 
removing the original lesion, but patients fre- 
quently have coexisting pulmonary or cardiovas- 
cular disease, making them a high surgical risk 
[114,115]. 

PDT represents a local therapeutic modality 
that can produce complete responses and cure of 
centrally located early stage endobronchial lung 
cancer [116,117]. Results from —500 patients 
with this disease have been reported to produce 
complete and partial response rates ranging from 
70-100% [118]. Superficial disease at the time of 
treatment is an essential factor for long-term ef- 
fectiveness. PDT is useful for patients who cannot 
undergo surgery, as well as for palliation of ad- 
vanced endobronchial malignancy. Patients with 
endobronchial tumor obstruction recruited in 
Phase III studies are randomized to receive either 
palliative Nd;YAG treatment or Photofrin PDT. 
Clean-up bronchoscopy is routinely scheduled 
24-48 h after PDT to prevent complications of 
pulmonary obstruction, due to mucosal plugs and 
necrotic tissue. 

McCaughan et al. [119] reported treatment 
of 31 patients (49 tumor sites) with endobronchial 
cancer using HPD and Photofrin PDT. All pa- 
tients had been pretreated with or were unsuit- 
able for conventional surgery, radiation therapy, 
and chemotherapy. An ADL system was used to 
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supply the 630 nm light using a flexible broncho- 
scope, incorporating a biopsy channel. The results 
were promising in that 37% had a complete re- 
sponse and only 4% had progressive disease at 1 
month after treatment. 

By 1989, Kato et al. [120] had treated 165 
patients with lung cancer by PDT, using an ar- 
gon-dye laser and an excimer-dye laser as light 
sources. Forty patients did not have disease evi- 
dent on chest X-ray, but endoscopically were clas- 
sified as having early stage lung cancer. The ma- 
jority of the 165 patients received additional 
surgery, radiotherapy, or chemotherapy, but a to- 
tal of 26 patients (with 30 lesions) received PDT 
as the sole treatment. All lesions in the PDT-only 
group showed complete remission initially, with 
16 patients remaining disease-free and three pa- 
tients classified as 5-year "cures." Ono et al. [121] 
treated 36 patients with biopsy specimens posi- 
tive for malignancies of the trachea and bronchus; 
again not all identifiable on chest X-ray. HPD 
was administered 72 hours before laser treatment 
under fiberoptic bronchoscope delivery. The range 
in response was a complete response with no re- 
current disease in 16 patients and death of 20 
patients related to the disease. Follow-up ranged 
from 37-109 months. Cortese [114] has treated > 
60 lung cancer patients with PDT. Patients were 
not deemed suitable for this treatment if lymph 
nodes were known or suspected to be involved. 
Some of their patients were suitable for conven- 
tional surgery but received PDT as a first-line 
treatment instead. Twelve of 13 such patients 
demonstrated a complete response after one or 
two PDT sessions, and these were all superficial 
tumors. The one tumor treated that showed only a 
partial response was a bulky, exfoliative lesion. 

A study in Japan was recently reported of 39 
patients with early lung cancer, treated with 
Photofrin and light irradiation delivered by EDL 
through a flexible bronchoscope [122], Cure rates 
were high for small (< 1 cm length) lesions, with 
a complete response in 32 of 40 lesions. Sutedja et 
al. [123] performed a pilot study of Photofrin PDT 
on 26 patients. The group with Stage I disease 
had a CR rate of ten of 11 patients. The patients 
with Stage III disease had little clinical benefit, 
showing either partial response or tumor progres- 
sion. The four patients who died (within 6 months 
of PDT) had previously failed radiation therapy, 
Nd:YAG laser, and brachy therapy. 

Okunaka et al. [124] had treated 145 lung 
cancer patients with PDT and reported the effec- 
tiveness of Photofrin PDT in 13 patients with 
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multiple primary bronchial carcinoma. Three pa- 
tients had only early stage lesions and received no 
surgery additional to PDT, whereas ten patients 
required surgery for advanced lesions. Patient 
survival ranged 14 to 87 months, with seven alive 
at the time of report. 

Shimatani et al. [125] treated seven pa- 
tients, mostly with Stage I early lung cancer, with 
PDT by administering the Photofrin by bronchial 
arterial infusion (BAD. For this pilot study, the 
Photofrin dose was 0.7 mg/kg, about one-third of 
the usual dose employed. An EDL emitting 630 
nm light was used at a dose of 100 J/cm^, via 
fiberoptic bronchoscope at 72 h after BAL Com- 
plete remission was achieved in five Stage I cases 
and a partial response achieved in two patients, 
which were a recurrence case and an advanced 
stage case. 

Gastrointestinal cancer. This group in- 
cludes esophageal, gastric, and colorectal cancer. 
Early stage esophageal lesions are treatable by 
surgery. Advanced disease involving varying de- 
grees of esophageal obstruction carries a mortal- 
ity of 10-20% after surgery, and many different 
palliative techniques have been introduced to re- 
lieve dysphagia. These include combinations of 
dilation, stents, Nd:YAG laser, BICAP thermal 
probes, and radiation therapy [1261. None of the 
available treatments offer long-term survival if 
esophageal cancer is advanced at the time of di- 
agnosis, so early diagnosis is essential. 

PDT appears promising for treating early or 
superficial esophageal tumors and as a palliative 
treatment for malignant dysphagia fl27]. A 
Phase III trial for esophageal cancer includes pa- 
tients with partially obstructing esophageal le- 
sions. The patients are randomized to Photofrin 
PDT or Nd:YAG laser treatment. Patients with 
completely obstructive disease can receive Photo- 
frin PDT as part of a Phase II single-arm protocol 
11181. PDT is also being evaluated for the condi- 
tion known as Barrett's esophagus, in which co- 
lumnar epithelium replaces normal malpighian 
epithelium [128,129]. The incidence of carcinoma 
is 10% in these patients. Currently, two patients 
with Barrett's esophagus with early adenocarci- 
nomas have been treated with Photofrin PDT 
[129]. Variation in response was noted because of 
insufficient light delivery to esophageal folds. 

Overholt and colleagues [130] have devel- 
oped a cylindrical esophageal balloon device for 
delivering circumferential light to the center of 
the lumen for PDT of esophageal cancer. The bal- 
loon is specifically intended to distend and flatten 
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esophageal folds. Inside the balloon is a clear tube 
for holding a cylinder diffuser-tip fiber. Three iso- 
tropic probes on the outside of the balloon mea- 
sure the delivered light dose to the esophageal 
mucosa. Uniform light irradiation was achieved, 
compared to use of the cylindrical diffuser with- 
out the balloon device. 

In Japan, 80 patients with upper gas- 
trointestinal tumors were treated with HPD and 
ADL light delivered endoscopically [131], PDT 
was most effective for superficial esophageal can- 
cer and poorly defined gastric cancer lesions. 
Okunaka et al. [132] treated 20 patients by PDT, 
six with early superficial esophageal carcinoma, 
and 14 had advanced invasive disease. PDT was 
performed through a biopsy channel of the gastro- 
scope. Treatment was effective for early esoph- 
ageal cancer (4/6 had complete remission), where- 
as advanced cancer patients experienced only 
improvement in dysphagia. McCaughan (133) re- 
ported the results of 40 patients receiving PDT as 
palliative treatment; 19 had adenocarcinomas, 19 
squamous cell carcinomas, and two had mela- 
noma lesions of the esophagus. The treatment 
goal was to improve swallowing in the patients, 
which proved to be of short-term benefit. Average 
survival time was 7.7 months for adenocarcinoma 
and 5.8 months for squamous cell carcinoma. In 
China, 142 patients with a variety of advanced 
gastrointestinal tumors were treated with HPD 
48-72 h before ADL (630 nm light) treatment 
[134]. Fifteen patients showed CR (10.6%) and 53 
showed PR (37.3%). 

Gastric cancer normally presents in ad- 
vanced form in most parts of the world and is 
associated with high mortality. Japan has imple- 
mented screening protocols involving endoscopic 
ultrasound and biopsy, with the result that early 
diagnoses are being made and the mortality rate 
has decreased [135]. Early gastric cancer is con- 
ventionally treated by surgery, and in Japan, pa- 
tients have received PDT who refused surgery. 
Kato et al. [136] treated 19 patients (20 adenocar- 
cinoma lesions) with Stages I-III gastric cancer, 
using HPD or Photofrin PDT. Red (630 nm) light 
supplied by an ADL or EDL was delivered 
through a fiber passed down the instrument chan- 
nel of a gastrofiberscope. A CR was reported in 11 
of the 19 patients (60%). Incomplete responses 
were thought to be due to inadequate light dos- 
age, either because of the tumor's location or be- 
cause of extensive or invasive growth into the 
muscular layer. 

Colorectal cancer is treated by surgery as the 
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treatment of choice, but prognosis for recurrence 
depends on degree of spread outside the colon or 
rectum. By the time deep tumor invasion is 
present, treatment is intended to be palliative us- 
ing Nd:YAG thermal ablation therapy to control 
hemorrhage or obstruction [137]. Barr et al. [138] 
reported the results of ten patients with inopera- 
ble colorectal disease treated with HPD PDT as 
an alternative to Nd:YAG laser therapy. The ad- 
vantage of PDT over thermal ablation appeared 
to be preservation of the submucosal collagen 
layer. As a result, the colon retained mechanical 
strength, which removed the risk of perforation 
(the potential complication after Nd:YAG laser), 
and healing by rapid regeneration occurred. The 
conclusion of this study [1381 was that a combi- 
nation of Nd: YAG laser for tumor debulking and 
PDT for small or residual disease might produce 
optimal results. 

Superficial bladder cancer. This cancer 
can present as papillary tumors or as carcinoma 
in situ (CIS). Papillary bladder cancer is conven- 
tionally treated by transurethral resection (TUR). 
The recurrence rate is high (ranging 40-70%) fol- 
lowing TUR, and prophylactic intravesical che- 
motherapy has been found to significantly im- 
prove the long-term response [1391. PDT Phase III 
trials are underway for prophylaxis of recurrent 
papillary bladder cancer. After TUR of tumors, 
patients receive Photofrin (2 mg/kg) and low dose 
light (15 J/cm^) to the whole bladder [118]. CIS is 
a high grade and aggressive manifestation of 
transitional cell carcinoma of the bladder, which 
previously indicated cystectomy [140]. However, 
intravesical BCG therapy now produces uni- 
formly good responses, so that cystectomy is no 
longer the appropriate initial treatment [140]. A 
Phase II study for CIS is being performed in Eu- 
rope and the United States of America in which 
PDT is an alternative to cystectomy. Patients re- 
ceive Photofrin followed by whole bladder PDT, 
using the parameters described above for the 
Phase III (papillary bladder cancer) trial [118]. 

Irradiation of the whole bladder (or some- 
times combined focal and whole bladder irradia- 
tion) is now the preferred procedure for PDT, be- 
cause bladder cancer is often multifocal. The 
superficial tumors are often difficult to detect cy- 
toscopically, so there is a risk of missing tumors 
with focal irradiation only [102]. Several methods 
are used for uniform irradiation of the whole blad- 
der. Intralipid is a fat emulsion that acts as a 
light-scattering medium and makes it possible to 
^se a flat cut fiber for laser treatment. Otherwise, 
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many investigators use a spherical diffuser-tip fi- 
ber, which can emit light isotropically. Specially 
designed double balloon catheters can be used to 
position the tip. Unsoeld et al. [141] have reported 
on a new type of balloon coated with a light-scat- 
tering material, exhibiting —90% reflectivity. It 
is inserted into the bladder, then filled with water 
so it unfolds spherically. Marijnissens group 
[142,143] developed a delivery system using a 
modified cystoscope to introduce a fiber with dif- 
fusing tip into the bladder and three nylon cath- 
eters that unfold in different directions along the 
bladder wall. Each catheter incorporates an iso- 
tropic light detector providing a measure of inte- 
grated light dose. 

Nseyo et al. [144] described the development 
of an intravesical laser catheter (IVLC) delivery 
and monitoring system. The IVLC provides sev- 
eral advantages compared to simply positioning 
the light by cystoscopy and ultrasound. Mainly, it 
protects against nonuniform photoirradiation. 
The system automatically results in the tip being 
positioned within the center of the bladder. Infla- 
tion of the catheter's balloon transforms an asym- 
metrical bladder into a sphere of known diameter. 
A light sensor is incorporated in the balloon wall 
to monitor light fluence and dose and is computer 
controlled to adjust the total dose. 

Nseyo reviewed results of PDT for papillary 
bladder cancer and reported that eradication 
rates depend on the tumor size [145]. Widespread 
micropapillary disease and tumors <2 cm diame- 
ter can be completely eradicated. When all pa- 
tients were included in the assessment, single 
PDT treatment produced CR rates of 70-95%. 

Jocham et al. [146] treated 20 patients with 
recurrent superficial CIS by whole bladder PDT. 
Cases that were resistant to intravesical BCG 
therapy and chemotherapy proved to be highly 
sensitive to this modality. Six of the 20 patients 
treated with PDT alone remained free of disease 
during a 5-year follow-up. The remainder of the 
patients received TUR and Nd:YAG laser therapy 
additional to PDT in order to achieve remission. 
Nseyo [145] reports the response rate of CIS 
treated by whole bladder PDT (total 37 patients) 
to be CR 88%, with an incidence of 25% recur- 
rence during a 12-60-month follow-up. In pa- 
tients undergoing PDT prophylactically, the re- 
currence rate was 31% with a median time of 18 
months to recurrence. 

Guo [147] reported on the treatment of 40 
patients with superficial bladder tumors (104 le- 
sions). Argon green light (514 nm) was chosen for 
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irradiation, even though tissue penetration is 
only around 1 mm [148J. Light was dehvered lo- 
cally to visible lesions either by surface or inter- 
stitial fibers. The whole bladder was subse- 
quently irradiated with 2-3.5 J/cm^ green light to 
reach small multifocal tumors. All patients 
showed CR initially, and seven of 40 patients had 
recurred during the reported follow-up period of 

7-34 months. 

Brain tumors. Surgical excision is the pri- 
mary treatment for most brain tumors, although 
the success rate is dependent on the tumor type, 
degree of encapsulation, and location. Typically, 
the most malignant tumors, such as glioblasto- 
mas, are not encapsulated and postoperative ra- 
diation therapy is indicated [88]. Local recurrence 
of the tumor is the main reason for treatment fail- 
ures. Median survival is <1 year from time of 
diagnosis [149]. Nd:YAG laser hyperthermia is 
also currently under evaluation for residual and 
recurrent tumors [150]. 

PDT has been used most often as a treatment 
to prevent recurrence of supratentorial high 
grade gliomas after surgical resection, but it is 
possible that PDT may be of value in other intra- 
cranial tumors such as low grade gliomas. Pineal 
gland and pituitary gland tumors may be treated 
with PDT as an adjuvant therapy, since complete 
excision is often difficult [88]. The use of photody- 
namic therapy in combination with stereotactic 
equipment is an exciting possibility for treating 
small, deep-seated unresectable gliomas [150]. A 
direct correlation has been measured between the 
grade of glioma and porphyrin level in the tumor. 
The levels were highest in glioblastoma multi- 
forme (mean 5.9 fxg HPD/g tumor wet weight) and 
lower for the intermediate grade anaplastic astro- 
cytoma (2.4 fxg/g) and low grade astrocytoma (1.6 
|jLg/g). Uptake into normal brain tissue of HPD 
sensitized patients was 0.2 ^Jig/g [151]. The blood- 
brain barrier is thought to play a role in attenu- 
ating the delivery of photosensitizer, so that some 
brain tumor cells will be spared. Intratumoral in- 
jection may be advantageous compared to intra- 
venous administration of photosensitizer [152]. 

Light delivery systems have been developed 
for treating brain tumors by PDT. It is important 
to shield the laser tip and prevent local charring. 
A device for delivery of light to postresection tu- 
mor beds was developed by Muller and Wilson 
[153-155]. Over 50 patients with malignant su- 
pratentorial gliomas have received intraoperative 
PDT by this group. Patients were injected with 
porphyrin photosensitizer, and 18-24 h later a 
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craniotomy with tumor resection was performed. 
The resultant cavity was photoirradiated through 
an inflatable balloon applicator filled with intra- 
lipid to scatter light. The device also comprised 
intrinsic light detection. Muller and Wilson [153] 
determined light penetration depth to be 2.9 mm 
depth in tumor and 1.5 mm depth in normal 
brain. It will be necessary to develop new light 
delivery devices for treating areas of brain to sev- 
eral cm depth. For 12 of the 50 patients, a com- 
plete immediate response to PDT was achieved. 
The median survival for this group was 17 
months. In 33 cases, which were all primary ma- 
lignancies, a partial response was noted and me- 
dian survival was 6.5 months. 

Perria et al. [156] treated eight recurrent 
brain tumor patients with intraoperative PDT 
who had all previously undergone surgical resec- 
tion and radiation therapy. HPD was given 24 h 
before surgery and the residual tumor bed ex- 
posed to red light. Survival in a few patients ap- 
peared to be lengthened, although all patients ul- 
timately had recurrence. Kaye et al. [157] 
reported a series treating 45 patients, consisting 
of 37 glioblastomas, seven anaplastic astrocyto- 
mas, and one metastasic lung lesion. A laser dose 
escalation study was performed, using light gen- 
erated by an ADL for 15 patients and GVL for 
30 patients. Results were comparable with both 
lasers. The need for high light doses in the treat- 
ment of brain tumors by PDT has been recog- 
nized, as well as the use of combined intracavi- 
tary and interstitial photoillumination [149]. 

Gynecological cancer. Current treatment 
options for superficial noninvasive gynecological 
cancer include surgery, cryotherapy, NdiYAG la- 
ser, and CO2 laser vaporization [158]. The major- 
ity of gynecology patients treated with PDT have 
had cervix or vaginal carcinomas. A few patients 
with local endometrial and ovarian carcinomas 
have also been treated [118]. Most studies have 
comprised only a small number of gynecological 
cancer patients [118]. A series of 21 patients with 
recurrent tumors was reported by Lele et al. 
[159]. Endoscopic or surface delivery of light was 
employed. All patients experienced significant 
discomfort at the treatment site. CR was achieved 
in nine patients and PR was obtained in two pa- 
tients. Optimization of PDT for gynecological le- 
sions is required, particularly in regard to light 
delivery. 

Head and neck cancer. Head and neck 
malignancies are treated at present by surgery 
with radiation therapy and/or chemotherapy. Lo- 
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cal or regional recurrence of tumor is common, 
and further surgery is usually earned out 1160]. 
Initially, only patients with advanced disease 
(Stages III and IV) were treated with PDT [1611. 
The treatments, intended to be palliative, met 
with limited success. Results of PDT for superfi- 
cial and early tumors of the head and neck are 
considerably more promising, often saving pa- 
tients from additional surgery [162]. PDT also ap- 
pears promising as an adjuvant intraoperative 
treatment of recurrent head and neck carcinomas 
[163]. Generalization of the laser procedure is dif- 
ficult because of the varying geometries of these 
cancers. Forward surface photoirradiation or cyl- 
inder-diffusing delivery systems inserted through 
a laryngoscope are usually used. 

A preliminary investigation of PDT efficacy 
was carried out in 12 patients with squamous cell 
carcinomas localized in the nasopharynx, palate 
and uvula, larynx and retromolar trigone [164]. 
One patient had no response, and the remainder 
showed a CR (50%) or PR (50%). Feyh et al. 
[165,166] reported a study of 94 patients with var- 
ious superficial head and neck tumors (disease 
status ranged CIS-T2. HPD was injected 48 hours 
before 630 nm light treatment. A CR of was 
confirmed histologically 2 months after PDT. Five 
patients relapsed during follow-up (maximum 4.5 
years). Biel [162] reported on the PDT treatment 
of 49 patients. All 26 patients with CIS and Tl 
laryngeal or nasopharyngeal carcinomas ob- 
tained a complete response. Three patients re- 
curred, whereas 23 patients remained disease- 
free for up to 32 months. Eight patients with T2 
and T3 carcinomas obtained CR or PR, but all 
cases recurred locally. Treatment of advanced 
cancer in four patients resulted in regrowth oc- 
curring within 1-3 months. Wenig et al. [167] 
evaluated HPD PDT for squamous cell carcinoma 
of the head and neck in 26 patients. The CR rate 
was 76% during the 48-month follow-up. 

A small study examined PDT as an aduvant 
treatment to surgery in comparison with radical 
surgery alone [163], Four patients with recurrent 
infiltrating carcinomas of the head and neck re- 
ceived Photofrin 48 hours before total surgical ex- 
cision and laser irradiation (50 J/cm^) of the re- 
section bed. FoIIow-up was 6-8 months, during 
which all patients remained free of disease. 
Therefore, the results of intraoperative PDT ap- 
pear promising, especially since Stages III and IV 
infiltrating carcinomas have a high rate of recur- 
rence (>50%) after surgical and radiotherapy 
treatments. 
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Ocular cancer. In adults, the commonest 
ocular malignancy is choroidal melanoma, with 
prognosis depending on histological type and tu- 
mor size at diagnosis. Enucleation is the primary 
treatment for large lesions, although ocular 
brachytherapy and local surgical resection can be 
tried in an attempt to preserve the eye [168,169]. 
Retinoblastoma is the most common eye tumor in 
childhood. A variety of treatments are used, par- 
ticularly in bilateral cases of retinoblastoma in an 
attempt to salvage the vision in at least one eye. 
Options apart from enucleation include external 
beam radiation, episcleral brachytherapy, and 
chemotherapy with or without laser hyperther- 
mia [170]. 

The accessibility of ocular tumors and the 
optical properties of the eye are compatible for 
PDT. Preclinical and clinical reports evaluated 
PDT using transpupillary and transscleral deliv- 
ery of laser light [171,172]. The transpupillary 
route produces direct photosensitization of the tu- 
mor mass, whereas transscleral delivery is in- 
tended to destroy the choroidal blood supply to 
choroidal melanomas. 

Several groups have reported their prelimi- 
nary clinical results for small numbers of pa- 
tients. The largest series included 24 patients 
with choroidal, iris, or ciliary body melanomas 
treated with HPD PDT [171]. Red (630 nm) light 
was delivered both transpupillary and transscler- 
ally. All small to medium-size tumors (< 1,000 
mm^) tumors responded initially, and some com- 
plete responses were achieved during a 7 year fol- 
low-up. Larger tumors recurred and required enu- 
cleation. Murphree et al. [173] treated seven 
choroidal melanoma patients, one iris melanoma, 
one ciliary body melanoma, and six retinoblas- 
toma patients with ocular PDT. Complete re- 
sponses were obtained in two amelanotic melano- 
mas, whereas responses in pigmented choroidal 
melanomas were minimal due to attenuation of 
the light. Retinoblastoma tumors without evi- 
dence of vitreous seeding initially responded, but 
were not cured long term. Avascular tumor seeds 
in the vitreous did not respond to PDT, presum- 
ably because they contained insufficient HPD 
and/or had insufficient oxygen available for the 
photodynamic process. 

Cutaneous and subcutaneous cancer. 
Conventional treatments for cutaneous and sub- 
cutaneous malignancies include surgery, radia- 
tion, and chemotherapy. Satisfactory cure rates 
can be achieved with current modalities, but al- 
ternative modalities are necessary for extensive 
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or multiple lesions, such as superficial basal cell 
carcinomas (BCC) and Bowen's disease [1741. The 
results of widespread surgical excision and irra- 
diation can be cosmetically unacceptable for a pa- 
tient. 

McCaughan et al. [175] reported on 27 pa- 
tients with cutaneous and subcutaneous malig- 
nancies (a total of 248 lesions) treated by PDT. 
Diagnoses included BCC, squamous cell carci- 
noma, metastatic breast cancer, malignant mela- 
noma, liposarcoma, and Bowen's disease. The to- 
tal CR observed during a 1-year follow-up was 
48%. Carruth [161] also found this modality to be 
effective against Bowen's disease and multiple 
BCC in a pilot study. The initial clinical response 
of all patients was excellent, but recurrence de- 
veloped in BCC lesions. Wilson et aL [176] carried 
out a prospective study in 37 patients to deter- 
mine the effectiveness of Photofrin PDT for pri- 
mary or recurrent basal cell tumors (151 tumors). 
A CR rate of 88% was achieved with one treat- 
ment session. Jones et al. [177] treated six pa- 
tients with Bowen's disease, with Photofrin and 
red light, achieving 100% CR after 12 months of 
follow-up. Lowdell et al. [178] reported their re- 
sults of treating nine patients with PDT. Fifty 
cutaneous or subcutaneous tumors, with volumes 
of up to 60 cm^, were treated with interstitial ir- 
radiation. Another 22 tumors in these patients 
received surface irradiation. The total CR rate in 
this study was 81%. Khan et al. [179] treated a 
series of 37 patients with cutaneous metastatic 
breast carcinoma. Effective PDT was achieved us- 
ing a reduced Photofrin dose of 0.75 mg/kg with 
the light dose increased to 180 J/cm^. The conclu- 
sions from skin malignancy studies are that the 
size of the lesions is an important determinant of 
response, as well as the observation that PDT can 
produce superior healing of normal tissue without 
scarring. 

Kaposi's sarcoma. HIV-positive patients 
are susceptible to various types of malignancy, 
but AIDS-related Kaposi's sarcoma (KS) is the 
most common and is an aggressive form of sar- 
coma. Chemotherapy or immunotherapy, radio- 
therapy, and surgical excision have been used 
with limited success [180]. KS is a multicentric 
tumor of vascular endothelial cell origin, which 
suggests PDT will be effective when mediated by 
photosensitizers that damage endothelium. Light 
delivery is either by surface irradiation for diffuse 
superficial lesions or interstitial for nodular le- 
sions. Schweitzer [180] has treated eight KS pa- 
tients with Photofrin PDT. Treatment was in- 
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tended primarily to control large lesions in the 
oral cavity, either alone or after debulking sur- 
gery. Short-term palliation was achieved and the 
lesions could be retreated. Biel [162] treated two 
patients with extensive KS of the hard and soft 
palate, with at least two sessions of PDT. Re- 
sponse was variable; the flat lesions responded, 
but nodular lesions showed no response. 

Comparison of Photofrin PDT and Laser Thermal 
Ablation as Single Treatments 

This section compares PDT and laser ther- 
mal ablation therapy {using the Nd:YAG laser) 
for treating malignant lesions. Randomized clin- 
ical trials are being carried out that make this 
comparison. 

McCaughan [181] compared PDT and Nd: 
YAG laser treatments for endobronchial and 
esophageal malignancies. Laser treatment times 
during bronchoscopy were comparable, although 
Nd:YAG laser reduced the size of obstruction 
more at the end of a treatment. After clean-up 
bronchoscopy following PDT, the degree of ob- 
struction was similar. A distinct difference in tis- 
sue reaction was observed for the two modalities 
several days posttreatment. PDT created a fibrin- 
ous plug that could be lifted off the bronchus in 
large pieces. The YAG laser typically produced a 
burn with coagulated and charred tissue, which 
was more difficult to remove because it frag- 
mented. PDT was technically easier to perform 
than thermal laser resection and coagulation, 
since it was associated with lower risks of bron- 
chial or esophageal perforation. In the case of ob- 
structive emergencies, the disadvantage of PDT 
that the photosensitizer needs to be administered 
1 or 2 days prior was overcome by same day in- 
jection and laser. Nd.YAG therapy was consid- 
ered more effective for debulking large or bleed- 
ing lesions, whereas PDT was superior for 
treating small or residual tumor, producing ne- 
crosis cleanly to the bronchus wall. Treatment of 
patients with thermal ablation followed by PDT a 
few weeks later utilizes the advantages of both 
techniques. 

In Norway, the Nd:YAG laser is used effec- 
tively to produce cures in selected cases of bladder 
cancer (CIS and recurrent transitional cell carci- 
noma), as an alternative to TUR. Nseyo [182] dis- 
cussed Nd:YAG therapy and PDT for treatment of 
superficial bladder cancer. Thermal ablation pro- 
duced thick tumor necrosis to a depth of 5-6 mm 
and sealed lymphatic drainage, which may pre- 
vent tumor dispersion. However, energy-depen- 
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dent injury to contigous organs such as the bowel 
were possible following laser ablation. The YAG 
laser is also occasionally used for palliation of lo- 
cally invasive bladder cancer, when curative cys- 
tectomy was contraindicated. PDT using whole 
bladder laser irradiation was less penetrating 
than YAG and was suitable for CIS and recurrent 
superficial lesions following TUR, producing 90- 
98% response rates. It represents a useful alter- 
native modality for superficial disease. 

Intracavitary PDT 

Laser treatment of malignancies in the peri- 
toneal and pleural cavity via intraoperative PDT 
is currently being examined. A Phase I study was 
initiated using intracavitary PDT for peritoneal 
carcinomatosis [183]. Patients received DHE 48 
hours before laparotomy and debulking surgery, 
then were treated with light to intra-abdominal 
surfaces using 0.2-0.5% intralipid to enhance 
light diffusion. Photodiodes were sewn into the 
peritoneal cavity for in situ dosimetry. DeLaney 
et al. [184] reported the results of 54 patients 
treated as part of the Phase I study. Initially, 630 
nm light at 2.8-3 J/cm^ was used, but small bowel 
edema occurred with perforation in three cases. 
Light dose escalation was achieved by using 
green (514 nm) light, up to 3.75 J/cm^. No small 
bowel complications occurred. 

Intraoperative PDT was extended to treat- 
ment of pleural malignancies, such as mesothe- 
lioma or isolated pleural metastases [183]. Simi- 
larly, laser light was delivered to the thoracic 
cavity and photodiodes were sewn into the chest 
area. The postoperative course in patients was 
unchanged, and the efQcacy of PDT as an intra- 
operative adjuvant therapy awaits results of fu- 
ture prospective clinical trials. 

Sindelar et al. [185] also report on the use of 
intra-abdominal PDT for disseminated malignant 
disease, in 23 patients. Following resection, 630 
nm light was delivered to peritoneal surfaces at 
escalating doses ranging from 0.2 to 3 J/cm^. Vis- 
cera were anatomically isolated for laser expo- 
sure. Six patients were disease-free after 18 
months. Five patients had significant treatment 
complications. 

These preliminary studies suggest that int- 
racavitary PDT will be evaluated in Phase II and 
III studies to determine efficacy for these types of 
tumors that have a typically high risk of recur- 
rence. The goal is to convert surgical partial re- 
sponses to complete responses. Regional toxicity 
niay be a potential concern. Several experimental 
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studies have evaluated the thresholds for damage 
and toxicity to abdominal organs [186J. Dose 
ranges were defined in each study that would not 
result in normal tissue necrosis. Pelton et al. 
[187 J exposed large pleural surfaces to PDT and 
produced a spectrum of tissue specific injury in 
intrathoracic organs. Therefore, the risk of com- 
plications from locoregional toxicity after intra- 
cavitary PDT is currently unknown. 

Bone Marrow Purging 

Autologous and allogeneic bone marrow 
transplantation are used to treat leukemias and 
selected solid tumors. Autologous transplantation 
offers several advantages, notably avoiding the 
risk of graft rejection, viral infections, and lym- 
phoproliferative disorders from graft manipula- 
tion. Unfortunately, relapse rates tend to be 
higher in autologous marrow grafts [188]. 

PDT is one of the newer techniques for ex- 
tracorporeal bone marrow purging, and several 
photosensitizers have been proposed for photody- 
namic treatment of remission marrow, including 
DHE, BPD, ClAlPc, and merocyanine 540 (MC 
540). Bone marrow grafts consist of free-flowing 
single cells in suspension, which are amenable to 
uniform exposures of photosensitizer and light. A 
significant advantage of this technique is that the 
drug can be removed before reinfusion of the 
treated cells into the patient, thus avoiding sys- 
temic photosensitization. MC 540 has been widely 
tested in preclinical models. The dye preferen- 
tially binds to electrically excitable cells, leuke- 
mia/lymphoma cells, and some virus transformed 
cells [188]. Under conditions that preserve 50% 
of human pluripotent hematopoietic progenitor 
cells, PDT can reduce the concentration of clono- 
genic promyelocytic leukemia cells and CML by 
up to 8 log [189]. Purging of non-Hodgkin's lym- 
phoma (NHL) from autologous marrow grafts has 
been specifically explored [190]. MC 540 PDT pro- 
duced 4-5 log eradication in vitro of patient-de- 
rived NHL, at doses which preserved —50% of 
normal hematopoietic progenitor cells. MC 540 is 
the first agent to be evaluated in a Phase I clinical 
trial, for purging of leukemia and lymphoma cells 
[1911. The clinical application of MC 540 PDT 
found that several-fold higher doses were toler- 
ated than used in preclinical models. 

In addition, T- and B-cell immunity were 
found to be suppressed by MC 540 sensitized pho- 
toirradiation [192]. As a result, treatment may 
affect immune reconstitution in autologous mar- 
row graft recipients. In allogeneic grafts, these 
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immunomodulatory effects could reduce graft re- 
jection in the situation of partially mismatched 
marrow transplants. 



Clinical and Preclinical Studies of 
Second-Generation Photosensitizers 

Benzoporphyrin derivative. BPD is syn- 
thesized from protoporphyrin and has an absorp- 
tion peak at 690 nm four times greater than Phot- 
ofrin's absorption at 630 nm. The mono-acid form 
has more photodynamic potency than di-acids 
[193], and the mono-acid was used for all studies 
described in this review. BPD uses lipoproteins 
for localization in vivo and particularly associates 
with tumor cell membranes [194]. Like all sensi- 
tizers, BPD does not have specific affinity for tu- 
mor tissue, reaching higher concentrations in the 
liver, spleen, and kidney. BPD has the purported 
advantage, in addition to its 690 nm absorption, 
of a favorable distribution between tumors and 
normal skin within a few hours of injection [195]. 
This property is expected to result in less skin 
photosensitivity as a side effect: BPD-MA is show- 
ing promise in Phase I/II chnical trials for skin 
tumors. Similar selectivity in BPD uptake by tu- 
mor cell lines (5-10-fold increase) occurs in acti- 
vated T lymphocytes, compared to normal splenic 
lymphocytes [196]. Since activated T cells are re- 
sponsible for the symptoms of most autoimmune 
diseases, preclinical studies are being carried out 
as a possible treatment for autoimmune condi- 
tions such as systemic lupus erythematosus [196]. 
BPD is undergoing preclinical testing for its abil- 
ity to photoinactivate retroviruses in cells and 
blood [197], and also to treat atherosclerosis [196]. 

Mono-aspartyl chlorin e6. NPe6 is a chlo- 
rin photosensitizer with properties of very short 
term photosensitivity and a high extinction coef- 
ficient at 664 nm. Interestingly, preclinical studies 
found that PDT-mediated tumor cures correlated 
with the plasma concentrations of NPe6 rather 
than the tumor tissue levels of photosensitizer 
[198]. Maximal tumor response was achieved by 
irradiating tumors at 4-6 hours after sensitizer 
administration. NPe6 has been examined in a pre- 
liminary clinical study to patients with superficial 
malignancies [199]. Patients had diagnoses of pri- 
mary or metastatic skin, oro- and nasopharynx 
cancer. Drug was injected 4-8 hours prior to ir- 
radiation with 664 nm light. Overall, CR was 
achieved in 11 of 20 tumors treated, four were PR, 
and the remainder were no responses. The maxi- 
mum tumor necrosis was measured as 8 mm, 
whereas normal tissue had 1 mm necrosis or less, 



indicating relative tumor selectivity by NPe6 PDT 
at the treatment times used. This was in spite of 
high NPe6 levels in the circulation and normal 
skin during treatment. Drug elimination was com- 
plete by 4 weeks after drug administration in all 
patients. 

Meta-tetra{hydroxyphenyl)chlorin. mTH- 
PC was synthesized and evaluated in preclinical 
studies by Berenbaum [200]. In rodent models, 
mTHPC was found to have both improved tumor 
tissue selectivity and antitumor activity com- 
pared to DHE. It has an absorption peak at 652 
nm. Initial clinical results with mTHPC were 
published by Ris et al. [201] following treatment 
of patients with chest malignancies. Initially, two 
patients received an injection of mTHPC and 652 
nm laser irradiation. Parameters were 0.3 mg/kg 
mTHPC, 48 h prior to light exposure of 10 J/cm^. 
Biopsy samples showed tumor infarction 10 mm 
deep due to tumor vessel thrombosis, and the con- 
centration of chlorin sensitizer was 14 times 
higher in mesothelioma tumor tissue than normal 
tissues. A further eight patients with diffuse ma- 
lignant mesothelioma received intraoperative 
PDT to the thoracic cavity following unilateral 
pleurectomy and lobectomy [201,202]. The pa- 
tients developed recurrences, although mostly in 
untreated areas. The conclusions drawn from the 
intraoperative treatments were that the proce- 
dure is feasible, but significant morbidity can oc- 
cur when large areas are treated. Optimization of 
the therapeutic ratio is essential in order to pre- 
vent extensive damage to normal tissues during 
intracavitary mTHPC PDT. 

Tin etiopurpurin, SnET2 is a metallochlo- 
rin with potent photosensitizing properties [203, 
204]. It is hydrophobic and requires solubilization 
in a suitable drug delivery system, such as a lipid 
emulsion, for in vivo use. SnET2 has an absorp- 
tion peak at 660 nm, which is used for photody- 
namic treatment. It is purported to produce sig- 
nificantly reduced photosensitization of normal 
tissue compared with DHE at the therapeutic 
dose [205]. Tissue distribution properties and 
clearance kinetics are comparable for both drugs, 
and similar drug injection to laser intervals can 
be employed for treatment [205]. Preclinical re- 
sults are sufficiently encouraging that SnET2 is 
commencing Phase I/II clinical trials in the 

United States. 

Amino-levulinic acid. Administration of 
exogenous ALA enhances the biosynthesis of en- 
dogenous PpIX for production of heme in certain 
types of cells and tissues [206]. The subsequent 
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conversion of PpIX to heme is a relatively slov^ 
step, resulting in transient accumulation of pro- 
toporphyrin to sufficient levels that it can act as a 
photosensitizer. 

Preclinical studies have been carried out to 
investigate ALA administration by topical appli- 
cation, intradermal injection, subcutaneous injec- 
tion, intraperitoneal injection, and orally [2071. 
Systemic routes produce generalized photosensi- 
tivity, but are required for tumors that are too 
thick to be reached by local administration. Loh 
et al. [2081 found comparable kinetics of PpIX in 
animals after intravenous and oral ALA admin- 
istration. PpIX predominantly accumulated in 
mucosa of skin, colon, and bladder, with little in 
the submucosa and smooth muscle layers. Subse- 
quent light treatment resulted in mucosal abla- 
tion only. Three patients were administered oral 
ALA, and biopsy samples demonstrated preferen- 
tial PpIX accumulation after 4-6 h [208]. Follow- 
ing topical application of ALA (10% oimtment) to 
BCC lesions, fluorescence measurements showed 
PpIX accumulation only in normal skin after 4 
hours. A 12-hour interval was required in order 
for tumor cells situated in lower dermis to become 
maximally fluorescent [209]. 

Several clinical studies have been reported 
evaluating topical ALA mediated PDT for treat- 
ment of cutaneous malignancies [207,210-213]. 
Topical solution (20%) of ALA is applied before 
same-day laser irradiation with 630 nm light. Bo- 
wen's disease lesions and BCC lesions show the 
highest response. One clinical trial showed a CR 
rate of 90% and PR rate of 7.5% in the first 80 
BCC patients treated [207]. Similarly, Bowen's 
disease lesions obtained a CR of 89% at 18 months 
follow-up [211]. Warloe et al. [211] reported on 11 
patients with 94 lesions of BCC, treated with 
ALA PDT. At 3 months post-PDT, 90 lesions 
(96%) were evaluated to be CR, although 13% had 
required more than a single PDT treatment. Le- 
sions thicker than 3 mm may achieve a 40-50% 
CR [216,218]. Metastatic lesions (adenocarcinoma 
and melanoma) and noduloulcerative BCC lesions 
have shown consistently poor resposes [210,213a]. 
Superior cosmetic results appear to be obtained 
using ALA PDT in the studies. 

NONONCOLOGIC APPLICATIONS OF 
PHOTODYNAMIC THERAPY 
PDT of Viral Diseases 

The first photodynamic studies on viruses 
were on bacteriophage, where it was found that 
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penetration of the sensitizing dye was a variable 
factor [214]. A number of animal viruses, includ- 
ing adenoviruses and vaccinia viruses, were 
shown to be inactivated by PDT. Resistant viruses 
could be made sensitive to PDT by incubating 
with dye under conditions that increased viral 
coat permeability [215]. The earliest patient 
treatments were for herpes simplex viral infec- 
tions of the skin, using neutral red dye and white 
light [216]. The efficacy of antiviral PDT is still 
undergoing preclinical investigation, using vari- 
ous photosensitizers and light delivery systems. 

Papillomavirus. PDT has been proposed as 
a possible treatment for papillomas of the larynx. 
Laryngeal papillomavirus lesions are initially be- 
nign but can become serious and potentially life- 
threatening. The lesions are surgically removed, 
but typically the disease is marked by multiple 
recurrences and a prolonged clinical course [217]. 
Disease occurs with equal incidence in children 
and adults. 

Abramson et al. [218] treated 33 patients 
with laryngeal papillomatosis using DHE PDT. 
The severest cases responded without recurrence 
during follow-up. Feyh et al. [165] treated 21 pa- 
tients with recurrent laryngeal papillomatosis as 
part of a pilot study of HPD PDT for malignant 
superficial cancers of the head and neck. The 
study showed a CR rate of 95% over 4 years of 
follow-up. Although these results appear promis- 
ing, PDT cannot remove latent infection of papil- 
lomavirus in normal tissue. The risk/benefit ratio 
of PDT treatment for the more frequent problem 
of cutaneous and genital warts remains undeter- 
mined. 

HIV and blood-borne viruses. There is 
an accumulating amount of data that PDT can be 
used to effectively eliminate pathogenic envel- 
oped viruses from infected cells, cell-free suspen- 
sions, and whole blood (219-222). Susceptible vi- 
ruses include human immunodeficiency virus 
type I (HIV-1), herpes simplex virus type I/II 
(HSV-l,HSV-2) type I, human cytomegalovirus 
(CMV), measles, and simian virus (SIV). 

The photosensitizers being evaluated for 
PDT-mediated viral inactivation include DHE, 
BPD, aluminium phthalocyanine, and merocya- 
nine 540 (MC 540). Photoinactivation is thought to 
occur by oxidative modification of the lipid and 
protein components of the viral envelope. The 
mechanism of MC 540 antiviral activity has been 
most studied [223,224]. The available data suggest 
that MC 540 PDT damage to the virus envelope, in 
the form of extensive cross-linking, interferes with 
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early events in the infectious process, the ability of 
the virus to adhere and to penetrate the cell. Since 
these photosensitizers do not target the nucleic 
acid of the virus, they are ineffective against non- 
enveloped viruses, such as poliovirus type I and 
human adenovirus-2 [219]. One advantage of dyes 
that do not interact with viral DN A is that they do 
not have inherent mitogenic properties. 

PDT is being evaluated as a potential blood 
transfusion sterilizing system against pathogenic 
organisms. Obviously, the formed elements and 
noncellular components of blood must not be func- 
tionally damaged by the treatment. Some loss of 
activity of coagulation proteins such as factor VIII 
and von Willebrand factor is acceptable. The ex- 
pense and complexity of implementing PDT as a 
sterilization system in a blood bank environment 
are also important factors that have to be consid- 
ered [219]. Matthews et al. [220] did not detect 
damage to erythrocytes, complement factors, and 
immunoglobulins directly after DHE and BPD 
mediated PDT of blood, cells, and viral suspen- 
sions. Sieber et al. [221] demonstrated IVIC 540 
PDT inactivation of a wide variety of viruses at 
concentrations that caused little photosensitivity 
of red cells, factor VIII, and von Willebrand fac- 
tor. Naturally infected blood (with HIV-1) and 
spiked human blood have been tested after BPD 
PDT [225]. Free virus and infected (activated) 
leukocytes were effectively treated, whereas red 
cells and uninfected leukocytes were spared. 

In another study by North et al., the red cells 
showed potassium leakage and IgG binding, indi- 
cating some damage occurred from photodynamic 
treatment [222]. This observation together with 
incomplete free HIV kill in their model system 
suggests that commercial sterilization of blood 
and blood products might not be feasible. How- 
ever, the preferential sensitivity of activated cells 
(like leukocytes) is considered a real advantage 
since HIV replicates only in activated CD4 posi- 
tive T cells [222]. Studies that exploit this result 
are planned to evaluate PDT as a treatment to 
reduce the HIV burden in patients. Extracorpo- 
real treatment of blood or leukocytes in HIV-in- 
fected individuals seems to stabilize or improve 
immune function, perhaps by a stimulatory effect 
of the inactivated virus or by modulation of acti- 
vated leukocytes. PDT would provide a beneficial 
treatment modality in this respect. 

PDT of Atherosclerosis 

Atherosclerotic vascular disease is the lead- 
ing cause of death in the world [226 1. The possi- 
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bility of treating atherosclerosis with PDT is 
based on the observation that atherosclerotic 
plaques take up higher concentrations of porphy- 
rin than normal vessel wall. Preclinical studies 
showed that DHE, NPe6, and TPPS were found 
mainly in the interstitial space of plaques, not 
intracellularly [226]. The drugs were absent in 
the normal vessel wall and the wall underlying 
the plaques, which suggests these structures will 
not be damaged. BPD uptake was measured in 
atherosclerotic human arteries in vitro and in 
miniswine arteries in vivo, and again showed po- 
tential for treating atherosclerosis [227]. 

Vincent et al. [228] treated atherosclerotic 
plaques in miniswine with Photofrin PDT and 
630 nm light, using a circumferential diffusing 
fiber tip. At 2 weeks post-PDT, angiography 
showed an average reduction in stenosis in 6/8 
vessels from 71% to 19%. Interestingly, locally ap- ; 
plied photosensitizer through a porous balloon , 
catheter showed very high concentrations in the 
intima region in animals [229]. The advantage of 
local administration is that PDT would be feasi- 
ble immediately after angioplasty and without 
adverse systemic effects. i 

Arterial intimal hyperplasia (IH) is the spe- % 
cific condition of restenosis in arteries and veins 
that were earlier treated for stenosis by translu- , 
minal angioplasty or bypass graft surgery. At 
present, no treatment exists for IH [230]. Smooth 
muscle cell proliferation in the intima, stimulated 
by platelet adhesion, is involved in the develop- 
ment of IH. It is possible that it might eventually 
be treatable by PDT [230,231]. Choroaluminium 
phthalocyanine PDT was evaluated for its ability 
to obliterate the IH response in a carotid artery . 
model in the rat. The sensitizer was preferentially 
retained in the artery with induced IH. Circum- 
ferential homogeneous light was then applied to 
the whole artery. In contrast to untreated arter- 
ies, PDT-treated arteries showed a marked de- 
crease in smooth muscle cell growth, as well as 
normal elastic luminae. Studies are required to 
determine if the positive response is maintained 
long term [231]. Interestingly, one study found a 
significant growth suppressive effect from DHE 
alone (in the absence of light) on smooth muscle 
cells from atherosclerotic primary stenosing and 
restenosing lesions, although the mechanism is 
unknown [232]. 

PDT of Skin Disorders 

s 

Psoriasis. Psoriasis is a common dermato- 
logical disorder in which the epidermal cells over- 
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proliferate, resulting in a clinical picture ranging 
from localized scaling plaques to generalized ex- 
foliation of the skin. Treatment by PUVA photo- 
therapy is an effective established method of con- 
trolling the increased cell proliferation. PUVA 
treatment comprises application of psoralen com- 
pounds (either topical or systemic 8-methoxypso- 
ralen) to produce a photoadditive effect with UVA 
light [233J. 

Tin protoporphyrin (SnPP) photodynami- 
cally activated by UVA light has been proposed for 
treatment of psoriasis [2341. Repeated doses of 
UVA can be given for several weeks following a 
single injection. The photosensitivity of SnPP was 
investigated in 31 patients. Thresholds for UVA 
and visible light were lower after SnPP adminis- 
tration, but the UVB threshold was unchanged by 
this sensitizer. Mild erythema and mild conjunc- 
tivitis were experienced lasting several weeks to 3 
months. 

The first reported treatment with hemato- 
porphyrin and light for psoriasis vulgaris was in 
1937 [235]. Since then, there have been a few case 
reports using either systemic or topically applied 
photosensitizer. Berns et al. [236] treated one pa- 
tient with HPD PDT, reporting that the psoriatic 
skin partially cleared. Treatment of 17 patients 
with palmoplantar psoriasis was evaluated by 
Pres et al. [237] using topical HPD ointment ap- 
plication and white light irradiation. All lesions 
responded, either significantly or totally resolv- 
ing. In a recent pilot study, three patients with 
chronic psoriasis were treated every other day 
with PDT using topical 10% ALA [238]. No sig- 
nificant adverse effects occurred, and the lesions 
cleared with a similar time course as patients 
treated with dithranol. PDT using topical photo- 
sensitizer appears to be a beneficial psoriasis 
treatment, applicable to treat large surface areas. 

Portwine stain. Portwine stain (PWS) is a 
congenital vascular lesion consisting of an abnor- 
mal set of capillaries in the upper dermis with a 
normal overlying epidermis. It most commonly 
occurs on the face and neck region. Treatment of 
PWS in the past included an array of modalities, 
such as skin grafting, ionizing radiation, and cry- 
osurgery, all of which caused cosmetic scarring 
[239]. The introduction of the argon laser repre- 
sented a major advance in PWS treatment. The 
blue-green lines of the argon laser correspond to 
hemoglobin absorption. The light is converted to 
thermal energy in the dilated ectatic capillaries 
and produces thrombosis in these vessels. Unfor- 
tunately, the epidermis receives some irreversible 
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damage, since melanin and collagen absorb light. 
Use of longer wavelengths, such as 577 nm, has 
been shown to be preferable and leave less scar- 
ring. The extinction coefficient of oxyhemoglobin 
is higher than at 514 nm, whereas melanin ab- 
sorption is minimized. 

It may be possible to obtain selectivity using 
a photosensitizer and appropriate wavelength 
light, as shown in a chicken comb model by Oren- 
stein et al. [240]. They used time intervals of 1-4 
hours between Photofrin and blue (405 nm) light 
in order to confine damage to the vascular com- 
partment. Fluorescence of HPD, indicating local- 
ization, was seen in a facial portwine stain by 
Keller et al. [241] in a patient who was being 
treated with PDT for bladder cancer. There do not 
seem to have been any patient series carried out 
of PDT treatment for benign vascular dermal le- 
sions- 

SUMMARY 

After decades of basic and clinical research, 
PDT is on the verge of becoming an established 
cancer treatment modality. Its role will emerge 
when current Phase III clinical trials of Photo- 
frin-mediated PDT are completed and treatment 
is in practice. The first product license approvals 
have been granted (outside the United States) for 
treatment of endobronchial, esophageal cancer, 
and superficial bladder cancers. Meanwhile, in- 
tracavitary PDT is still at the preliminary stages, 
but so far it appears promising. Certainly, some 
malignant diseases are more suitable than others 
with regard to whether complete eradication is 
possible. Very bulky lesions and tumors inacces- 
sible to light irradiation remain untreatable by 
PDT. The efficacy and safety of PDT determined 
by clinical trial are not the only factors determin- 
ing its future success, but also how the existing 
treatments for a disease compare. Development of 
resistance to PDT has not been noted in any pa- 
tient tumors, which is a distinct advantage over 
some other anticancer modalities. Also, long-term 
morbidity does not arise to restrict the number of 
repeat treatments. 

PDT is now being evaluated for wider appli- 
cations, outside malignant solid tumor treatment. 
At the beginning of the century, photochemother- 
apy was realized to be potentially useful for a va- 
riety of indications, when photosensitization was 
first being observed in enzymes, viruses, cells, an- 
imals, and plants. Nononcologic applications of 
PDT are mostly at the preclinical stage and in- 
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elude viral inactivation in blood, modulation of 
immune function in autoimmune diseases, reduc- 
tion in atherosclerosis lesions, and treatment of 
benign skin disorders. It is not possible to say at 
present which of these diseases or conditions will 
benefit most from PDT. 

Development of second-generation photosen- 
sitizers is continuing, and dyes have already been 
designed with improved photodynamic properties. 
The side effect of skin photosensitivity can be di- 
minished by dyes that absorb only in the far-red 
spectrum. Nonsystemic administration of drug or 
targeting techniques may also eliminate photo- 
sensitivity side effects. Classes of sensitizers that 
have been evaluated photochemically and biolog- 
ically include porphyrins, chlorins, purpurins, 
and phthalocyanines. The most promising exam- 
ples are being developed commercially. The tech- 
nical development of user-friendly light sources, 
whether laser or nonlaser, is as important to the 
clinical applications of PDT as the choice of pho- 
tosensitizer. Diode lasers generating sufficient 
power in the far-red visible region are only just 
becoming available for clinical use. In addition, 
specialized laser delivery systems continue to be 
developed, with respect to the specific site being 
treated. The methodology and technology used for 
photodynamic treatment of patients can be ex- 
pected to change significantly for many years 
ahead. PDT is truly a dynamic process. 
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Photodynamic Therapy Using Lu-Tex Induces Apoptosis 
In Vitro, and Its Effect Is Potentiated by Angiostatin 
in Retinal Capillary Endothelial Cells 

Ream Z Renno,^ Francois C Delori/ Robin A. Ilolzer,^ 
pAHmgelos S. Gragoucias,^ and Joan W. Miller^ 

Plkpo^e. Io cxuminc (he effect of combiiiiiig luigiostatin with photodynamic therapy (PUT) using 
Lutetium Tcxaphyrin (LuTex; Alcoii, Fort Worth, VX) iks a photo.sensitizer ui bovine retiiiAl 
capiUary endothelial (liRCE) .uid retin;d pigment epithelial (R1*E) cells and to determine the mode 
of PDIMnduced cell death in the^se ceU Ibies, 

Methods* Cultured UKCE and RPE cells were incubated with ;mgi<jstatin (500 ng/ml) for 18 hours 
and subjected to Lu fcx/Pl) T. using treatment parameters previously optimized (3 Mii/^^l Lu-Tex for 
30 mnuite^ followed !>y timed irradiation at 732 nm). (xllular sur\ival was assessed ;ifter a l-weck 
cellular proliferation Data were analyzed using Student s Atest. (;.ispase 3 activity was monitored 
in cells after PU T using a ttuorogenic: substrate, (As(v( jIu Val Asp> AfC (""amino 4 trifluon)methvl 
counurm) [I)I:VI)-AF<^ L of ciispase 3 Afkr PDT, expression of Ucl 2, Hcl , Hax, :uul Uak was also 
examined in cell I) sales by W't srcm t)loi analysis. 

Resui T^. A synergistic cvt()tt)xic effect of angiostatin and Ui 'IexTDT was olrstned iji BRC K ceils 
at all flueuces used ( S 10, and 20 |/cm^; P ^ 0 0^) These fun lings applied only if angiostatin was 
delivered before Pl)l\ No such interactive killing effect was <»bser\ed in RPI: cells (^aspase 3 
aetivit)^ was elevated within 10 minutes of PI) f in WKCM :uid KPIi cells :uid was ftuenee dependent. 
Differential modulation of Hcl-2 f;imily members was observed after PDT in BRC E ajid RPE cells. 

CoNcnjsio>5, rhe eoml:>iJiatit>n of angiostatin and Lu1ex/PIVf potentiates the cytotoxic effect of 
Lu-Tex/PD'r on bRCT: but not on Rl^J: cells, lliis may provide a strjtegy to increase the selectivir>^ 
of PD r in damaging cajMllary endothelial cells with less damage to RPt{ cells Lu 1 ex/PDT induces 
rapid dspase dependent apoptosis in BKCli :uHi RPIi cells, tunhermore, LuTex/PDT mduces 
apopioMS through sek cti\e modulation (;f memt^ers of the Pcl-2 Tunih^ and differs between liRCE 
and Rl'h evils, ijnvvsi Ophiba/mol Ms Sa\ 200();4 1 :3963-39"' 1 » 



Age related macular degenenUion (AMD) is the leading 
cause of severe vision loss in people aged mc^re th:ui 65 
years iji Westt:m countries/"'' Choroidal netaascular- 
ization (CNV) occurs ni 15% of patients v.ith AMI) l'>ut ac- 
counts for HQ% of severe vision loss due to AMD.'* Photody- 
namic therapy (PDT) i> showing promising results as a new 
modality for CNV/^"^' 

PDT involves the systemic administration of a photosen- 
sitizer dye that accnnuilates in proliferating tissues such as 
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amiors ajid newly tbrmed vessels (t is follo^\ cd by irradiation 
ol the target tissue with low -intensity, nonthermal light at a 
wavelength correspondmg to the al)sorption |>eak of the dye, 
lixcitatioji of the dve leads io the formation of singlet oxygen 
and free radicals— better known as reactive oxj^gen specjes 
(ROS)— causing photochemical damage to the target tissue 

Preclinical studies usmg PDT for the treatment of CNV 
have demonstrated that, with the proper treatment parameters 
of phot(Xsensjt)/er dose, laser light dose, and timing of irradia- 
ti(Mi, relative selective damage to experimental CNV can be 
achieved, sparing rt ttnal vessels and large choroidal vessels and 
with minimal t^hanges in tht neurosensory retina. ^^''"^ How 
ever, in clinical sttuties, tUioroceiJi le;ikage appeared iji at least 
a portion ol the (!\V by 1 lo 3 months of treatment, and 
increasing photosensiti/er or light doses did not prevent the 
recurrence. This ct)uld also U^ui to imdesinible nonselective 
damage to retinal vessels/' Several multicenter phase 3 trials 
are under way to study repeated PDT, applied every 3 months. 
1he interim data look promising^ showing decrejised rates of 
moderate vision loss.^ The necessity for repeated PDT can 
nevertheless be expected to lead to cumulative damage to t!ie 
retinal pigment epithelium (RPE) and chori(x:apillaris, which 
ma)' lead to progressive treatment-related vision loss. 

Angiostatin, a proteolytic fragment of plasminogen that 
was first is(jlaied from the senim *uk1 urine of tumor bearing 
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mice, uihibits imgiogcncsis. In virro and in vivo siudics 
have shown that nictiati<jn and .ingi<j.stiitiji have comlnned 
cvtoroxic effects on endothelial cells, imd the combination of 
those nvo comp>oneiiLs has produced no increased toxicity^ to 
nomnJ tissue.*" iTiese results ]>rovide supptirt for further 
investigation ol the effect of combining ph(jtod>jiamic therapy 
v^ith ^uigiostatin to improve CNV closure without d^unagmg 
norm^U tissues. Wc tested whether ajigiostatin potentiate.s FDT 
mduicd bovine retin*U capillar)^ endotbeli;d (BRC E) cell dam- 
age, l>y inhibiting prolifenition or I^y other me*ais, without 
affecting the RVll If this could be achie\ ed. the combni.uion of 
angiostatm and PD'I' might provide increased selecnviry in 
damaging the targeted C^NV with less d;miage to the HPii 

Intrac ellular events associated witti photoseiisiti/ers and 
their subsequent activation with light are currentiv not well 
understotxi. VD7 induces cell death !>y apoptosis in sevenil c ell 
lines/*"'"^ ' and we w.mted to characterize the mechajiism of 
I'DT induced cell death hi cell lines relevant to ( NT. lutetium 
1 exaphyrin (Lu-Tex) is a new genenition ]ihotoscnsjtj/er cur 
rentiv in clinical trial for the treatment of CSV, because of its 
fa\orjble characteristics for elinic.U use, including al>sorption 
ai 732 nm permittuig deep tissue penetration antl rapid clear 
ani e ^'^ I n Tex/Piyr appears to induce tumor involuiion in die 
murine IM1Y) sarcoma nuxlt I by a mixture of ap(»ptt»sis and 
necrosis/' Ht^wever, becaust 1*1) 1 induce (t apoptosis appears 
u» be a function (jf the photosensiti/x i\ cell hue, nud se\erity of 
treatment conditions these tindbigs cannot lie extended to 
CNV '^^^ 

Apoptosis involves tht. liCiivLition of a genetitally deter 
mmeil programmed cell suic ide that results in a morphologi- 
caJly ilistiJict form of cell death characteri7ed by cell shnnkage, 
nuclear condensation, DNA fragmentation, membruie reorga- 
nization, and blebbing.^^ It has been suggested that apoptosis 
is associated with tJie gcrneraiion af ROS and that the product 
of the be 1 2 gene protects against apoptosis by ijihibiting die 
generation or the action ol ROS/^^"^^' Hcl 2 !>elongs to a grow- 
mg family of apoptosis-reguljting gene products, w hic h may 
either be .uitagoni>ts (lti'I 2 Hcl-x, ) or death agonists (Hax, 
Hak) ■''^ ( t»ntrol of tell death appears to Ik* regulated bv diesc 
n^fcTactions an^l by cimstirutive acLiviiies of the VMrious family 
members/^ It is kjio\vn thai >e\er{l api)ptotic pathways coex- 
ist ill manimalnm tells that arc prelerentiLdly utuated in a 
stimulus-, stage , and context-specific ajid cell type m.uuKT.^'^ A 
proper undcrst.uiduig of the specitic mectuuiismf s ) involved in 
(Ai Tex/FDT- induced cyti>toxicity in cells of relev*uice to CNV 
may permit interventions that enh:mce tlie selectivity- and ef- 
fc ctiveness of this modality. 

I'reviously. we reported the characterization of an m vitro 
svsrem for the smdy of Lu lex/PD r s effect in cell Imes of 
relevance to CW treatment: tiKCl: cells and humaji RPK cells 
(Kt nno et al , unpublished data, May In the present 

srud\' the s;mie s>'stem was used to iinestigate tlie possibility 
of an interactive cytotoxic e ffect of hinnan angiostatin ;md 
Ia) Tex/PIiT selective to URCH as a nuan> to reduce the cyto^ 
toxic effect of I'DT <)n KPI: cells. In ilie sec<jnd ]nirt of the 
study, the mode of Lu- fex/IM >r- induced lcII death was inves 
tigated in BR( K and KPE cell Iinc\s. In view of the special 
relationship among Be 1-2, PD I\ and ROS, w e also .uiaJyzed the 
constitutive expression of Hcl-2, Ftcl Xj , H*ix, and Hiik in URCK 
and RPI^ cells ;uid determined their modulation after PUT. 



Materials and Methods 

Cell Culture 

HRCK cells (kindly provided by Patricia A, D'Amore, schepcns 
Hye Research Institute, Boston, MA) and human KPE cells 
(generous donation of Ajithony P, Adamis, Massachusetts Eye 
and Ear hlt^rma^>^ Boston) were grown at 37''C in S ( in 
Dulbecco's modified Eagle s mediums ( DMliM; Sigma, St. Louis, 
MO), S% heat inactivated fetal bovine serum (PBs. (.ibco, 
(rrand Island, NY), supplemented with r-glutamine, penicillin, 
and sirept(jmycin ((iibco) 

Photosensitizer 

Lutetium I exaphynn (Lu Tex, motexafm lutetium, PCI 01 2S) 
was supplied by Ale on Research (Fort Worth, VX ) a^ a st<x k 
solution of 2 mg.'^ml stable in the dark at 4"C and was used 
according to tlie manufacturer's guidehnes, 

Photodynamic Treatment of Cell Cultures 

Colls were plated at a dtrnsity of lO"^ in DMEM w ith 5 FHS ,uul 
incubated in ^%CO^) for 21 liours 'Hie mednmi was 

removed and replaced by 3 lu-IVx in DMHM plus 3% 

PBS. niidy minutes later, the cultures were expc^seti to timed 
irradiation using an argon/dye photocoagulator at "^32 nm and 
laser delivery system (model 920; C oherent, Palo Alto. CA). 
Irradiajice was delivered at a nite of 10 mW/cm^ to gi\x^ a toul 
dose of 5 to 20 J/em^, *uid irradiation time nmged frcmi 7 to JH 
miJiutes, respectively. After irradiation, the mediun* was re- 
moved :.uk1 replaced with complete medium. Cultures were 
photogniphed at various times after lu Tex/PDT using a U> v 
0.32 numenc aperture on a phase-contrast inverted micro 
scope n:)iaphot; Nikon, Melville, NV). 

Proliferation Assay 

-« 

BRCE and RPE cells were plated at :i densm' of lO"^ in UMPM 
with SVi. 1 BS and mcubated at 37 <: in 5"^ CO^. After IS hours, 
rt coml^inant human :uigiostatin (i^albiochem, la Jolla CA) was 
added at a concentration of 500 ng/ml Highteen hours late r, 
medium was removed ,md replaced b)' ^ mR''^^' lu lex in 
complete medium 1 hirt\^ minutes later, cells were treated widi 
Lu rex/Pi) r at vanous light doses, as described (Ailtures ^ ere 
returned to die incubator for 7 cLiys, after which cells were 
dispersed in trypsin ajid counted in a masked fashion, and the 
surviving fraction was determined, Results are repomrd as the 
meaji of tripHcate experiments i SD 

Preparation ot Cell Lysates and Protein 
Determination 

At vari<)us times after administration of Lu Tex/PD1\ 10' cells 
were collected by c entrifugation, and the washed cell pellet 
was resuspendeLi rn 500 jllI ice ci^ld lysis buffer (pH 7 5) coiv 
taining 10 mM Tris, 130 mM NaCI, 1% Triton X 100, H) mM 
NaF, 10 mM NaPi. 10 niM NaPPi, 10 fi^m] benzimiidine, 10 
fxg/ml phenanthroline, 10 /xg/ml aprotinin, 10 /ig/ml leupep- 
tin, 10 iJii^ml pepstatin, and i mM 1 (2 aminoedwb ben/ene- 
sulfonyl fluoride, hydrochloride (AKBSF). C ellular lysates were 
stored in aliciuots at - H^''^^ for later protease activit)' as^ay or 
Western biot imalysis, A pnnein assay (Coomassie Plus; Pierce, 
Kockford, IL) with Ixn iiie serum albumin (BSA) standard was 
used to assay protein etjncentration in cell extract. 
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Protease Activity 

Alkiuots contmniiig 50 fi^ of cellular protem were incubated 
with l ^i /xm (lin.il conc entnititni) N aeelyKA^p Gki WiJ Asp> 
AK (""-iiniino-i trifluortmu'thyl coumarin) j Ar-I)HVI>AF( (I'hiir- 
Mingcn, S;ui Oiegn, CA) in 1 ml protease ass^ty buffer ()>H "^ 2), 
containing 20 mM piperazine-A /V'-l)is(2 eihmiesulfonic acid; 
PIPITS), 100 mM NaC;K 10 mM dilliinthrciiul, I mM tiDTA, 0M% 
{wi/vol) 3K[ 1 ^<hoUimidopnj)>) i i dinn th\'lanim(>nio>2-Iivdmxy^ 
1 -projTanesuiibnate ICHAPSK and 10". * sucrose, at for 1 

hour. Fluorescence was measured using a spectrotUiorometer 
(\ xcit.uioM. nni; K^uL.su>n^ ^05 lUii; mode) MFF44A; Vcrkm- 
Elmer, Norwalk, CI"), Cellular pn^teiji ser\ed as the blank. 
Results were compared with a standard eur\T constructed with 
AF( (Sigma). 

Protein Electrophoresis and 
Western Blot Analysis 

Sodium dodecyl sulfate -polyacrj'lamide gel elect rophorc sis 
(SDS PAGF) of proteins was perfomied with 12% SI>S-p(»ly- 
acr\lamide gels. All samples were boiled in denaturing sample 
bufler, anti eciual anioimts of proteins were loade^l pi r lane 
]*roteins were separated at room tejiiper4iture under reducing 
conditicMis at 120 V Western blot tnLUsfer of separated pro- 
teins was performed at room temperature, using polvvinyli- 
dene fluondc membrajics at 50 niA for 1 hour. To \erily ecjuai 
protem loading, bloLs were stained with 0.1% ponccmi red 
(Sigma) diluted m acetic acid. Afterward, I>lot> were 
blocked for 1 hour in I ris buffered saline (TBS; mM M ris-HCI 
(pH T'.^l ajid 150 mM NaCl) containing VH* nonfat dried mdk. 
Next, the membranes were prolx^d witli .ui appropriate dilu 
tion (1:250-1 1000) of priman' aniil>od\ in TliS containing 
2 5"^ n(»nfat dried milk for 1 hour ^0 miPjUtes. M^)u.^e p(^h'- 
clonal antilM>dies against bcl-2, l^cFx^ , i^ax, and Jiak we re pur- 
chased from FharMingen. After incuts, nicjn with primar\^ anti- 
b^xiy the blots were washed lor 30 minutes with freciuent 
changes of 'FBS, blocked in \% n<jnfat dried milk in 1'BS for 30 
minLites, mid incubatt d in a peroxidase coupled secondary 
antibody for I hour in lliS containing \% iionfat dried milk. 
The blots were washed for 1 hour with frec]uent changes of 
n^ST (ms f 0A% Tween). Immunoblot anidvsis was per 
formed usijig enh uic ed chemiluminescence plus Western blot 
detection reagents (Amersham Pharmacia Biotec, Piscataway, 
NO f*:>llowed by exposure to x-ray lilni (ML; Eastman Kodak, 
Rochester, NYJ. 

Statistical Analysis 

Data for ^dl experiments were analyzed using Students ^test 
with the level of significajice set at ^ 0 (J5 

Results 

Effect of Combined Angiostatin and 
Lu-Tex/PDT: BRCE 

To assess the effect of c ombining angi(.*statin to Lu lex/PDT on 
BRt t cell survival, cells were pretreatcd for IS hours with 500 
ng/ml angiostatin after which cells were treated with l.u l ex/ 
PDT at various fluences. (Cellular sur\i\'al was measured b>' a 
] week cellular proliferation ass iv, A I week inter\MJ was cho 
sen r.ither than a shorter iniemil lu better distinguish the 
lasting cytotoxic effect of the coml)inaiitm uf angiostatin/Piyr 



versus the short-term angiostatic effect tliat angiostatin exerts 
t)n the cells during the incubation peritxl. Before testiJig the 
combination of angiostatin :md Lu-Tex/PDT, we demonstrated 
that human angiostatin targets BlU^F cells, W hen exposed to 
angiostatin alone, the proliferation assay demonstrated a 
12.()1% killing of BK(>I: cells at the angiostatin dose used It was 
;ilso ot)served tliat preexposing BKC'E cells to angiostatin did 
not interfere with the subsetiiieni cellular uptake of Lu Pex 
(data not shown) More important, results shtpwed a syne rgistic 
c\ totoxic effec t of angiostatin ajid Lu Lex/PD I on BRCE cells 
at all lluences used (5, 10, and 20J/cm'^), consistently exceed 
ing the cytotoxicity resulting from Lu Tex/PDT alone, imgiosta 
tin alojie, or the arithmetic sum of their respective toxicities 
(Fig, la). Controls consisted of cells exposed to light onlv, 
because no dark toxicity was i>bser\ed at the concentration of 
Lu Tex used. Furthemiore, it was observed that .u^giostatin was 
not effective in potentiating the effect of Lu lex/PDl' if deliv- 
ered alter PD l (Table 1 

Effect of Combined Angiostatin and 
Lu Tex/PDT: RPE 

In contrast lo BRCE cells, no cytotoxicity was observt*d when 
human KPL t ells were treatetl with human ajigiostatin, ;md no 
Lnteraecive killing was obsened after exposure to angiostatin 
:md Iihlex/PDI' (Fig. lb, 1able 1) When combined with 
angiostatin, LuTex/PDT had a lelJvU dose (LL^,,^^^ of 20 J/cm^ 
lor BRt H cells, whereas Lu1ex/PDT alone rec]uired 40 1/cm^ to 
achieve the same effect on BKCB cells. Our previcms saidies 
have shown that at fluences of 20 jind 40 )/cm" RPB cell 
survival is 4yXi and 21%, respectively <Henno et al., unpub 
lished ilata, May 109*0. 

Cellular Morphology after Treatment 

Altliough studies have showJi that cells appear severely dajn- 
aged immediateiy after PDT (Rcjmo et al , unpublished data, 
Ma> l^^OO), 1 week after VDV, some cells had disappeared, 
\v hereas those that remaiJied had regained their spindle shape 
and tin ir abilitv^ to attach (iigs 2b, 2e). However, iji BRCE cells 
that T^ere first primed with angiostatiJi f<jllowcd by PDT. wide- 
spread and massive cell death was observed at 1 week, Onlv 
remnajits and densely refractive bodies of dying cells were 
seen fU iating in the medium (Lig 2c ). Particles were recovered 
and placed in fresh complete meduun, but none showed ajiv 
sign ol reattacliment or prolileration onto a Jiew dish. It was 
cr>nclnded that tlie combination of angiostatin and Lu Tex/PI/P 
was leihal to BRCE tells under the conditions used. Control 
liRCE and RI'E cells that were treated with angiostatin ahme for 
18 hours continued to proliferate and reached confluence 
(Figs. 2a, 2dK No additive effect of angiostatm to LuTex/PL^T 
v\ as ot:>servt'd in RPI: i ells (^ell> that were subjected to Lu Lex/ 
PDT alone or angiostatin t Lu Tex/PDT appeared unchanged, 
as evidenced by the morj^hology (Figs. 2e, 2f), 

Caspa^e 3-like Activation after Lii-Tex/PDT 

fo investigate the role of apoptosis in Lu Tex/ PD'I - mediated 
cell death in BRCE and I^^E llIIs, the activation of caspase 
3-like (DEVD-ase) protease was monitored^ as a hallmark of 
apojit^ 'Sis. I he kinetics of activation were measured spectroflu 
on>metrit ;dly by assaying the hydrolysis of a substrate that can 
bv cleaved only by the caspase 3 like protease family meml^ers 
(Ac-DHVL? AFC;) Figure 3 illustrates the time course of Ac- 
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(b) 




FiGiJREl. BRCE and RPI: ccU stir- 
viviil after Ln-Tex/PDT 1 angiostaiin. 
In vitro si]r\ ival or(a) BRCI: t ells iind 
(b) ItPF cells on exposure to Lii-Tex/ 
VDl in the presence at :t^^ioslatin, 
Cells were pliiied and ex]T<>sed to an- 
i^iost:uin I H hours before Iai-Tcx/ 
PD'I A I -week ]:)rolileration assav 
\^'as used to determine the surviving 
Irattion. Data represent thf mean of 
irii^lit ate experiments ^ SD 



Tahi£ 1. SL»iinunr\ ot ' elkilar ^ur\iv jl d^) is a Imuai^ n ul ] reatment 



ClII Line 


Lii mrr An^ioslatln 


Ati)^h*st'At\u Followed 
l>v iJi Tcx/POT 


Lu Tcx/PDT Followed 
by Angiostatin 








' 










n Si C Mm 


I 1 ■ 




6*7 U) .S.2() 






l.K (Ji^. 


II 0{) ' 




32.9"' i 2.20 






I .(>(; ( S J no 1 U H 


H Si ' 


"',<)7 












6 61 






^.^ 


S. \h i^^i) 









The intt TJtiive in viiro ajititnd<»thelial ellett ul conihmrd treatment with anj^iostatin and Lu-Tex/PDT 
are >;rcatcr ili ta ;Kldilj\e when tumpared with ttie ^uiw <t| expected elTecLs of each treatment alone. The 
pMtentiation mI Lu Icxy'PDT s etietl on BKC^E i elK was ettective with jire-exposure to ;ingiostatin only. No 
cUect of ;m^;n'Siatin was observed on RPE cells. L>ata are ine.m percentage of cellular survival :r. SIX 

*I1uence*^ in pa^t'nthese^ are expressed in joules r square centimeter. 
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Figure BRCE and RPH crll moqiln-l 'v:\ alter trr,*iineiu wixh ah- 
^iost;*tin 4 Lu I'cx/PDT ( 20 J/cm'^i. Mi< -i^nipUs arc uT rqiresrntanve 
tklds from ;i l-weck pruliferition :iss;iv i t hUCIi *ind KIM: cflls lUtrr 
rrc-ujiienr BKCE cells treattd witli ;mm-^[ uii\ f-rily (;n, I n ! ex,^i*l>r 
oiilv (h\, :*ntJ ungiost.itin 4 lu-lVx/FLM liVV it*IN fre:Htd wuli 
;uiyiost;Uin only (cl), Ku-'Pfx/l'DT only 'i-j mJ afigi^istntin ^ Lu-IVv^ 
PI)[ tfi M.ignilitntion, ' U» 



DEVDAFc cicijvage alter Lu Icx/I hl ilirtc diflercnt li^lu 
doses in bRt 1: and KVli cc lLs. Kcsul:^ sluav a rapiLl ( lev.ition tif 
caspase 3 like activity^ immediately liu i I.li 'Ie\/ri) [ —as earlv 
as 10 minutes after Ui Lex/FD and |H aking at j(l minutes— in 
both BRCE *uid RPE crlLs and at all th ^e^ used. ( karly, the rale 
of entry into apopto.sis was time ajul klose dependent ni eai h 
cell line. However, the amount of ca^^pa^e 3 like acti\ ation \^as 
alwavs significantly hi^UT in lilK 1; lcILs than in RPli cells, 
Fvirtheniit)re, wherea> at 10 and 2(i l/t ni"^ the amount of ea- 
pasei^-like activation was nicreased b\ approximately 50*^* tn 
MRCE cells compared with RPP cells. ,ir m) J/enr* < etpiivalent to 
the LUkio ^^^^ BHCi; cellSL the levcU ni BRf ;E eells were livr 
limes those in RPE ce lls. 

Cxspase 3- like Activation after Angiostatin 
+ Lu Tex/PDT 

Vo ex;uTLine Uie effect ol combijiuit: in^icjstatm and lu-It x/ 
PDT on L'>EVD-ase activation in liR* L ^.ells, cells were ireatt tl 
with angiostatin alone, Lu Tex/PU'l alune, aiui angiosiatiji t 
Lu Tex/PDT, iiftcr which ^.aspase 3 like aetivin^ was assayed as 
described Fluences of 20 and ^lO J/( nr w ere used, correspond- 
ing to an IX>,(K> of combination aaghi^iatin t 1 n Lex/l^DT and 
[ai-'rex/Pl >T -done, respectively ReMilis demonstrated that tlie 
combination of iUigiostatin \ \av\\\ i'liV induced a statist! 
cally significant increase of casj^ax. » like acnvit)^ compared 
with Lu-Tex/iM)T alone, when usin^ Muencc 20 J/em'^ (Lig. 
i) However, although boUi Lu lex LM L ( lO I 'cm"^) and the 
combination of angiostatin i Lu T( \, MM T (Zi) }/cm^} resulted 



in 100% leth^diry to BRCr: cells. Uh^lex/PDTC iO J/enr) resulted 
in in (Teased levels of caspasc 3 tike activiw compared with 
angiostatin \ In iex/PU!^ (20 I/cm2), As in llie case of HRCH 
cells treated \^ ith Lu rex/PDT alone, the rate of entn^ into 
apoptosis of MI\C;i cells treated w ith combination ol angiosta 
[in ^ Lu Icx/l'D l was time dependent. Nevertheless, the time 
courses differed significantly, in that the induction of caspase 
3'like activatitm occurred ahruptiv and more ra[>icih^ as a result 
of angiostatin 1 I u fex/Pm , peaking at SO minutes and reacJi- 
ing minimum levels at 90 minutes after treatment. 

Modulation of Bcl-2 Family Members 
after Lu-Tex/PDT 

To e\aJuate the expression of licl 2 family members in HRCI: 
and KPH ceUs after Lu-Tex/PDT, HRCE ,mtl RPH cells were 
subjected to Lu Pex/PDr, and resultant cellular lysates were 
sulijcxted iij Western bU)t analysis ft>r detection oi the anti- 
apopiotic Bel 2, Hel-x^, and proapL>ptotic liax .md Flak. Results 
show t cl a differential expression of members of BcL2 lamiiy 
members in BRCli and RPli cells: 1^:1-2 atid Hax were cktccted 
m iiR< ;H c ells whereas M x^ iuid Itak w ere detected in lU^E 
cells (Table 2). Aher Lu- l ex/PD L at LD^,„ dow nregulation of 
lie 1-2 and upregulation of hax was obse rved in liRC.H cells, 
resulting in an iiu rease of the ct lhilar ratio of liiLx to Hcl-2 
protein (Fig. 5a). hi RPE cells, there was an upregulation of 
hiAh hci Xi and liak up to i hours aJier PDT, filter w hich BcLx, 
levels reached a plateau, antl Bak level started to decline (Fig. 
5b). Funhemiore, our results demonstrated that the upregula- 
tion v( Bax in BRt I: cells was dose dependent, however, the 
upregulation of its proapoptotit counterpart liak in RPE cells 
exhibited d*>se dej^endente only tniril 20 1/cm^, after which it 
began to Liccline (L^ig. Sci 

Discussion 

Hie promisnig results witnessed with PD F for the treatment of 
(;NV along with some c>bser\ed side effects sustained by the 
RPE in th<^ course of treatment, prompted us to seek different 
strategies to improve the efficacy *md selectivity c;f PDT to 
CNV. One such strategy was to bn estigate a role for angiostatin 
as a potential acljjuv^uit of Lu-Tex/Pl >T l>ecause of its established 
projx rty as a sptn itic inducer of quie^sccnce in certain endo- 
thelial cell lint s. Another approach w as to investigate the mode 
of Lu Tex/Pr>T-induced c^^totoxicir)* in BRCF: and R1*E cells as 
a preliminan' step for the design oi treatments that niiglu help 
modulate specifically these effects at the cellular level 

Our data sh(>wed a specifit antiproliferative effect of *uv 
giostatin e>n retina! capilJarv^ endothelial cells as demonstrated 
by tlu^ reduction in cell number m a l-wee k proliferation assay. 
In contrast, no clfect of iuigiostatni was t^bse^ved an RPK. 
lluis, our w^ork adds BRCE cells to die list of endothelial cell 
lines alreadv know n to t>e specifie.Uly targeted by angiostatin: 
bovine adren^d cortex mierovascidar, b»»vine adrenal cortex 
capillary, bovine aortic, human umbilical v<Mn, and human 
dermal microvascular endothelium "^'^ In our study, WKCE 
cells were used as a representative capillar}^ endothelial line of 
the p()Sterior segment to test the aiitiangiogenic effec t of an 
giostatin. be cause angiostatin does not seem to rely on specific 
cell surface antigen recognition ti * exert its action on the 
t luiotlK lium Fherefure, it seems reasonable to assume ihat 
angiostatin would have similar effects on the choriocapillaris 
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Ctf pu»3-tlk« (DEVDhii*) artivattpn fr BRCE « FtPE f^Sowtng Ui-T*K/PDT (20JtfemS) 
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Future 3- Kinetics ofcaspase 
actiration after Lu Tex/PDT in BRCli 
and RPE ceUs. BRCE and RPH cells 
were exposed to Lu l ex/PDT al tlu- 
enccs of (a) 10, (b) 20, and (e) ^U) 
J/cni'^. At tlie indicated time;; thercal- 
ter, cells were collected and lysed. 
Aliciiuns (50 /ig (if protein) were in- 
( uhated with Ac-DltVl) AFC at ,S7^c: 
lor 30 minutes. 'I'lie amouiU of flm> 
rot:lm)ine released was determined 
i)y comparison with AVC standard 
curve in lysis buffer . Data represent 
ihe means trojn three independent 
exjieriments. 
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rK;iiaj4, C::iS]i:isc S like iiciivily iii 
BKCLi; ctlls after :in^ic>st:itin - l.ii 
Tcx/ri)T vt-rsLi^ lAt'Tcx/PDT aionf. 
BUCI: cells were cxposf d to iin^ioski 
tin (^(K) n^'m]) iiltmc, [.u-'I cx/PD'l 
(JO JAiir, 'U) j/tiir) ulonr, ami ;in 
giosiatin r Lu-Tcx/Pm\ At the indi 
c iitfd limes thereafter, cells were c oi 
lectcU ;md lysed. Aliquois (50 oi 
protein) were incubated with At - 
DlIVaAFC M 37°(; tor M) minutes 
The amount of lluorochrome re 
leased was determined by comiiari- 
son with .m AFC suindard curv^e in 
lysis biifler. Daia rejircscnt ihe 
means from three independent e\ 
perimenis 
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;ind retinal and choroidal neo\ :isciil;n cncU)t]icliiini. Moret^ver, 
in ciUtiirt ni;uiy of the differt nccs beivveen the choriocapillaris 
and retinal eapiilar>' endotheliuni are l*)sr Because angiostatin 
has a cytostatic rather thim c\nocidal effect, it could l>e ex- 
pected it to have a selective etfect on proliferating ver.suii 
restinji; endotheliuni. In addition, tissue culture is thought to 
m(ire closcl)' represent proliferating tissue such as CNV than 
resting tissue. The tinding that angiosiatin induced apoptosis in 
BRCE cells suggests that cell death may contribute to the 
overall reduction of cell number; lunvever, little is known 
concen^ing tlie exact anl [angiogenic mechanism of angio 
statin. 

Our in vitro studies sliovs ed ihat iai IVx/I'DT aiui ;uigiosta- 
tiii had c*>mbined C)^totoxic elfects on retinal capillar)' endo^ 
thclial cells but not pigment epithelial cells. However, when 
angiostatm were administered alter IMXI , ttie combinatioji did 
not potentiate the effects of PD T. The efficacy of a phtnt^sen- 
sitizer is mtimatelv related to its sui^cellular distribution/***" 
Althougli angiostattJi did not affect the intracellular incorj^ora- 
tion of Lii Tex, this does not exclude the possibility that it may 
induce a redistribution of the dye to subcellular compartments 
whereby its potency of action is enlianced. bi the combination 
of iuigiostatin before Lu Tex/PD a fluence of 20 j/cm"^ suf- 
ficed to achieve nearly 100% mortality of BRCE cells, hi the 
alxsence ^'f angiostatin, a liglu dose of 40 J/cm"^ would l)e 
retjuired to achieve this level c^t cytott>xicity. At the light dose 
of 20 J/cm'^, RFK cells survival alter PD'f was improved by 20%. 
']1ie results of our experiments thus support the piJtential of 



Taiup. 2. Sununar)' of Immunodetec tion of Bcl^ l\ui"iily Members in 
BRC:i: and [IPy Cclls 
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comliinhig angiostatin with Lu- 1 ex/PI) T to improve C^NV erad 
icatioii and decrease deleterious effects on the Rl^H cells. Work 
is currently under wav in our laborati>r>' to test the combina 
tion of angiostatin and TI ^T in small *uiimaJ models of laser 
induced CNV. 

In our stTidy, Lu IVx/ri) r induced caspase 3-like activation 
in both RRCI: :uKi KIT it IN in a ilosis and time-dependent 
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Fi(;i itK 5, lixpression ol hi I J lU I x^, Bax. and Bak in BRCE and RPE 
cells after fu lex/PDI . (jj hl^t 1 tnd (b) RPE cells were treated with 
the 50/" lethal dose (Ln^^j < «! I (» 1 rx/PDT. At the indicated time points 
after PDT, wliolc cell cxiraM*^ \verc olMained and ;maly/ed by SDS- 
PA(il: followed by Wesrern hl^i ;maly^is using antilxidies to Bel 2, 
Ikl xL, Bax, and Bak. In W< i lells, iij^rev^ulation of Bax and down 
re^^Lilation of Ht^l^^ were "bserN ed over 12 hours, hi RPl; cells, ujiregu- 
lation of [ict'Xj was obserxdi with pnik uprejiuiiition o( Bak u]> 

to \ hours followed by if^ pn »^:rt'ssive det line, (c) After incremental 
doses of POT, BR(^E and 1 1 llnlar h'sates were obtained at I hours 
alter treatment and anab/rJ U\ ^DS-PAdE followed by Western blot 
analvsis usin^ aniiboLliev \U\ and Bak In BRCT: cells, Bax was 
iipre^LiIated in a dose-dependt nt I tshion. In RJM: cells, the level ol'Bak 
[ilateaued at a jkiente oi Zi.) J/cm'. 
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lusliion, suggest in j^; that apoptosis is a nitciiaior of Lu rcN/PDT 
cytotoxicity in these cell lines, FLirthemiorc, our data indicate 
that Lu Tcx/Viyy induced apupiosis in IMUAi cells through the 
m(xUi]ation of licl 2 iuid Hax in a dusc .md time dependent 
fasliioji and in KPE cells through the nu)du]ation of lie! Xj and 
Bilk. However, Lu-Tcx/FDT may cause .Litemative death mode^ 
as \vas shown when tested bi vivo in the munnc t;MT<) sartoma 
model. imd based on the evidence that photofrin/l^D r in- 
diK e.s apoptosis or Jiecrosis in a monkey kidnev cell line (t VI ) 
depending on tlie mcubation [:)rotoc< >1. ^' therefore, in vivo 
conlinnation of such u finding is recjuired in C:NV models 

The time course of ca^spase 3 aestivation after VDl, as 
ntttcd by tjthcr investigators, varies according to cell lines and 
photosensitizers, raaiging from minutes to hours less th;tn 10 
mmutes for L^'-R,^" 20 minutes tor MiCl: ajid KPi: cells, and 
luiurs for Hela cells ' * However, unlike other reports, ihe 
kinctits in our study in liRCI: and KIM: cells were constant 
w hen the VDT liglH dose wms \aried. hurthemiorc:, wtuTeas the 
magnitude of I)I:TD use at tivit\^ was 30% higher in BRC E versus 
KlMi cells at tlucnces of 10 and 20 j/em^ it nearly exceeded 
50{)?.» at LD,(^^^ ( 40 j/cm^); this however does not necessarilv 
correlatt^ with the number of apoptt)ric tells invc^lved. Jlie 
possil)le explajiations include the fact that individual intracel- 
lular k vels tif caspase 3- like are unknown, as is the threshold of 
i:)i;vi:i ase activation retiuired for cellular death, ^et, at all times 
after I'DT, there was ;ui upfcgulation ot tlie antiapoptotjc 
ikixj levels in RPl- tells. C.oncomiianlly, ar i Ixnirs alter 
rrcatmcjit, the k'vels ot the proapoptcMic !^ak siarttd declnnng 
afte r iis initial nprei;ulation. [ urthcrniore. after incremental 
PL>'r doses, tilt proa]>optotie Hak was uprL^gulattd in RPI: t:t*Ils 
until 20 }/cm^ after which liak levels srartt d declining despite 
an increase of PDT dose to 40 J/cm^ It is thus conceivable to 
think of a protec^tivc sun ivaJ response benig motuited in RPK 
cells at these letluJ tlose** to counteratt the apoptotic trigger. 
Such a hvpothesis is further supported by the histologic evi- 
dence of Rl^fc cell recoverv after PI) f iji vivo^"^ and by reports 
from other ijivestigators that overexpressii)n of antiapoptotic 
Bel 2 f.imily members renders cells partiiUty resistant to Hf/P^ ^ 
and inhibits the activation of t;aspase^ after PDT, Keversil^ly, 
antisense Bcl^2 retrovirus int rcases the t^ells' sensitivity^ to 

Pin 

l \\c present tiata show that the ctjinbinacion tjf'aiagiostatin 
and Lu lex/PDl m BRC H cells resulted In an increase in DD\T>- 
ase ac ii\ity compared witli the same (.lose (»f Lu-Tex/PDl ap- 
plutl alone, nij^ suggests that the poientiating actitjn of an- 
giostatin on the e£fet:t of Lu-'lex/PD l in liRCI: cells proceeds 
tlir<>itgh apoptosis. hvt:n if angiostaiin inducei> u sul>eellular 
loctdi/ation of Lu-Tex, such redistribution remains confined to 
cellular compartments (mitochondria, lysosomes, and melam> 
somt s) where their mode of action ensues througli apoptosis. 
How e\ er, the time course of easi>ise 3 like activity for .mgiosta- 
tin -t LuTex/PlJp differed from thai of Lu Tex/PlJT ak)ne, in 
that II proceedetl faster witlK>ut latenc\' and pcniked as soon as 
20 minutes alter lAil'ex/PU'l An explanation for tlie latter 
couli.1 that the apoptotic cascade was alreatly primetl t>y pre- 
ini:ub;ition with iUigiostatin tirsi. ami thus The applit ation of 
ku'lex/]*Dr bentiitctl from an alrt aih knveretl threshold of 
ac^ivatitjn U) rapidly amplify tlie apoptotic response. Howe\er, 
this does not exclude the pONsibilirj of tht* inteq^ilay of more 
th*m one apoptotic pathw^ay, especially because PDT is known 
to initiate cytotoxicity through the generation of ROS,^ * 
whereas ajigiostatin was recenth^ shc:>wn to act on humiui 



entlotheIi;d cells by ]>inding to the a-subunit of adenosine 
triphosphate (AlP) synthase present on the cell SLirfat:e/*'^ 
Hurthemiore, vvliereas imgiostatin I Lu Pex/PDT (20 )/tm^} 
resulted in a 1 00^. leth:Jity of BRCE t ells as did Lu l ex/PD 1' ( iO 
J/cm^) alone, the levels of DEVI>ase activation wtTC signifi- 
cantly higher in the former regimen, lliis supports the hyiwth- 
esis that Lu-Tex/PDT ;uid ajigiostatm + LuTex/PD T operate 
through different apoptotic pathways in MRC:E cells 

In simimar>\ in our study angiostatin exlnbited :m .uitipro- 
liferative effett on BRCE cells ajid had no notable efft ct on RPE 
cells. Angiostatin combined with Lu Tex/PDT potentiated ey- 
totoxicit)' in BRt^E t ells. Lu Pex/PLVf induced rapid caspase- 
dependent apoptosis in BRCE and RPE cells. Furthermore, 
Lu Pex/PD r induced apoptosis thnnigh thtr seleeti\e :mti dil- 
ferential modulation of members ot the Be 1-2 family in BRCE 
and RPE ct lis 
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ADENOSINE IN RETINAL VASCUL0CENESI5 ANDOXYGEN INDUCED 
REmNOPATHY {(C A. Lutiy, C Merge*. M. Kuni, and D.S. McUod)) Wilmcr 
Ophtbalmological In siiiute, Johns Hopkins Hospiial, Baliimorc, MD. 

PurwMt: We examined the disiriboiion and lelaiive levels of adenosine (ADO) and 5' 
mlcSSdasc in nconaial dog inner reiina during nonnal viscutogenesjs and o*ygcn- 
induced retinopathy (OIR)- 5' nuclco(idi« (5"N) is i major wrce of t ienosine in 
most bHUCf . Adenosine is I potent visodilaior ihai is angiogenic in olher systems; 
itceni dau suggesit that ii ni^ conuol VEGF expression, filfltaifc Ti««nty «ven 
animals ringing In age from I lo 22 days of age were used in this «udy. Adenosine 
imrnunoJocalJiation was performed on fmzen secuons wiih an tfjnbody tgainsi 
Klenosine conjugated lo levulinic acid uwg i streplavidin peroKidise technique. 
Triplicate air connol animals at difTefeni postnatal ages amJ inplicalc oxygeii «^PO»d, 
animals ii dtfrercni lime poinis during or after oxygen insult were eiiinined Mcnosinc 
itnmunoctaction piodiKi (ADORP) was anaJyierf in <"Pl'«*^«^'«^^!S^ 
using fflicfodensitometry. Adjaceni secuons were incubaicd for von Willetond facwr 
invnunortactivtty and 3'N enzyme activily. BOttUl^ vasculogeoeiit, 
ADORP was most promincni within the inner retina. The peak of iminuiioreacttviiy was 
locaked at the border of vaicu*ari«d retina thmiigbout the period of pnnmy retinal 
vasculogenesis (1 - 15 days of age). At 22 dajn wlwri vasculogencm i«>«>;^^ 
ADORP levtts decreased within the iimer retina, activiiy was kcaliied to Muller 
cell piTXXSscs in inner retina and decreased aficr vasculogenesis was complete In 
anirmls sacriHced after 4 days of oxygen breathing, the vaso-obliteraijve suge of OIR. 
ADORP and 5*N activity was reduced ihroughout the rebna. Dunng the vasopro- 
lifefitivc stage ADOTP was markedly elevated at the edge of lefomiTig vasculatm as 
well as throughout the more posterior inner retina where 5'N activity was elevated 
AtX>RP was also elevated In prcretinal neovasctilariuiion. ilflllfluafllUi Peak 
adenosine levels in the inner retina cnnelate temporally with active vasculogcnesw. 
Adenosine and 5 N level* are reduced in hyperopia and then rebound above nonnal 
levels during the vasoprolifciaiivc stage ofonygcn induced retinopalhy. 
Supponed by Nil I grants Ey09557 (GL) and EYOl 765 (Wilnner Institute) G Lutiy is 
an Amencan Heart A^isociatjon Esiablished Investigator Propnctaiy iniertMs: none. 
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PuvctmALGRo^^^^^ FAcnw I t)t Ai isAiu)N IN niAH^^^^^^ 

PRERtTlNAL MFMBRANFS 

((M Boiilion', D. Foreman'. D McLet>d\ H Wcich\ A khaliq^ and A, Ahmed )) 
Manchester Eye HospilaL Manchester I'K; -Reproductive Patbt>phyMology Group, 
Bimiingham Womans lloqjital. Rimiinpham. UK. ' Inslilute of Molecular Birlopy. 
Uruwruty of Friehurg, tiermany 

rarpMc. Todctcnnitwthc disiributitHi of a recently idrntificd member of ihc VICil 
runily namely placenial growth factor (PiGF). ai different stages of diabetic 
rdtnopaihy. MrthiL Immunohistochcmicol localisation of PIGF was earned out 
usmg a rabbit anti-scrum raised against a 20 amirw acid N terminal sequence lo PLGI 
(no cross-reactivity occurred with any VEGF isoform as determined by Western 
Nottii^) on specimens of normal hutnan retina, diabetic retinas (cither with no overt 
frtinopathy or with active proliferative retinopathy), and prcretinal membranes 
distribution and intensity of staining for PKi F reactive protein was recorded and 
convww**^*'™*^***"**^^ B™"^ ImmunostaimngforPlGFwas 

absent ftom die nonnal retina but was present in the majority of diabetic retinas with 
no oven rctinoprthy, especially in the thickened basement membranes of the retinal 
vessels, in all tetinas with active neovascularisaliofi, immumwtaining for PKjF was 
intense, especially associated with inlraretinal vessels adjacent to areas of active 
pmeOnal neovaacularisnion. PIGF itatning was iirtcnsc in all excised PDR membranes 
heing localised to both the vessels and the surrounding matrix. The staining paticm 
was similar lo that obwved for VEGF»m Avascular PVR membranes did not stam for 
PIGF although serial sections stained for VFOF rwclMllM^ ™* « »hc first study 
to report the localisation of PIGF irt the eye und ^ugv^is that PK iF may be an impiirtant 
factor in retinal angiogcnesis. 
Supponed by the British Diabetic AssoctaUon Norw 



4475 — 7:00 

\ XM t J \kni \iMn-Ml M 1\ Ml \n\MI'llN \ \fMU\MS\tS& IMP K.KMIh 
Ml (han lV JM Pimi'^V S Ilu^ihc-.' and H Yanp'li Anaiom>. I niwisiu 
S\i!nc> . Ausuulij' . AnJUimv . Wolcm t'hiny lJnncrs<t> i»l Mcd(cMl Jnicn^c 
Purpose T*iiharJilcnsc ihc crltuhr pr«K'cvsc*; und lt^>i?rjph> ^^s.^ljnsai^c>n .n 
hum!in rcim^ir Methoda Mum.in l.cul eyes, ranpinp m iipc fo^n 14 cmhoonK 
rtcck^ (W) oillntcd in C'hiiw »n iKx-itrdiiOLC urth Ihc fujdclincv mti li^h m tht 
Dciljralicm of IlcNinki The .^n.Hi^ ^U^cs x*«:uUn«tum ^.crc ^"-"-'^^^Jj';'"^ 
SjssI ^Lwncd tth(»|cfmmnLN andunti ro:^ immuni>hiNi<^hcmiMr> H^syH* ihc nr-i 
pf.vcvv ,n the .dsi'uIan'Jln.n the ictina. pn*»f lu I5W. «as the migrati.^n i*t I^rtsc 
numhcrv .>l spindle shaped mcsmL4i>iniil pnxurvw celK ff<;m ihc / hc^r 

prctiJrw.rictKproldcrjicjFKldrllcrcntMlc lo pr<Juic «-OkI ch^ffds i>l rndjUhclial .rti^ 

(1(1 «hrL^ Nx.imc paient an rmm^iurc vastuUr irccccnircd -ncr Hk .tpiit Ji-. 

hceinnini!tn>m WIS Gmwlh ^^\ ihc mncr pk\uH j^mkuIcJ with ihc cvtcnvion 
l,|n«Klm l(HKn*cd b\ dilauii.«i *>l appoipnatc Uh^^^ l*^ l^itm j vi^ulji s^^minf 
Wi?h malurjtiitn thcjc^ is scIcvLi.hi i>I mai<ir channei^ and M^ml icani rctntm *i <^ c\ixs^ 
^AWlltat sfgmcnts RcU;»cImhi *^ uu the >*Hhdrawal 1/ Inmi nogbbj^unnt: 
t.JloA^cdbv pn^prammcdt'clldciilh The !<innini<^ nl the o-.. na^ular pkNu^^ ^Kxur. 
V M ihr cMcnsnm iA cap.llar> M/cd bixl. tn>m ihc cMMmp ^^l^lx '^7 

«cn: upparenl ar^Hind the tmipieni lovca hctx^ccn W 2^ > Fine radial pen 
Tv.p.llur% capillane. (RPC\i ucn: eviJcni in the n^r^c hbrc la>cr - ' 

C oneti ialona Wc cc^mHuik ihoi lnrm^Of^of ihc mncr retinal picxu*. in humdn ukc- 
rijLC Ma tlic ^ sUEC priKCss <.l vastniUv^cnCMs. in^i^vinp mcM:nch>mul ^^^\ 
in^jM.Hi hrdiricTcnliati.Kijndpr»lifcr4Uc)ntc>fcCTnapienixiKc^u^^^ l..|(o\^cJ 
b> rrlfiKiMWi ot c><cs. i^ipdUn KCtrmcnts .irtJ mJlurat^in nt Ihc livubr Ircc In 
vonlMM ibc peril. rtcjl ^cs^N Ihc i^ulcr plexus and (he RPC s jre l^nnrd mj ihc^ 
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Liposomal Benzoporphyrin 
Derivative Verteporfin 
Photodynamic Therapy 

Selective Treatment of Choroidal 
Neovascularization in Monkeys 

hiichal Kramer, MD/ ]oan W. Miller, MD,' Norman Michaud, MS/ 
Rachel S 'Moulton, BS,' Tayyaba Hasan, PhD/ Thomas J. Flotte, MD/ 
Evangelos S. Gragoudas, MD^ 

Purpose: The authors have previously shown that photodynamic therapy (PDT) 
using lipoprotein -delivered benzoporphyrin denvative mono-acid (BPD) effectively closed 
experimental choroidal neovascularization (CNV). In the current study, the authors used 
a clinical preparation, liposomal BPD verteporfin in the same model, with experiments 
designed to establish optimal dye and light doses, and the timing of laser light irradiation 
after dye injection, for effective and selective closure of CNV. 

Methods: Experimental CNV was induced in the maculae of cynomolgus monkeys. 
Liposomal BPD verteporfin was injected intravenously at doses of 1 .0, 0.5, 0.375, and 
0.25 mg/kg. Laser light at 692 nm then was applied to CNV, with an irradiance of 600 
mW/cm^ and fluence of 150 J/cm^, at various times after dye injection, ranging from 5 
to 120 minutes. Treatment effect was assessed by fundus photography and fluorescein 
angiography and confirmed by light and electron microscopy. The PDT of experimental 
CNV was studied to assess efficacy; PDT performance on normal eyes was studied to 
investigate selectivity. 

Results: The CNV closure was demonstrated by fluorescein angiography and his- 
topathologic findings at all tested dye doses. A dye dose of 0.375 mg/kg, with laser 
light irradiation applied 20 to 50 minutes after dye injection, optimized CNV closure with 
minimal retinal and choroidal damage. No major local adverse effects were noted, and 
the drug was well tolerated systematically. 

Conclusions: Liposomal BPD verteporfin is a potent photosensitizer, and PDT using 
this dye is a potentially effective and selective treatment for CNV. 
Ophthalmology 1996:103:427-438 
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Neovascularization in different locations within the eye 
is a clinical manifestation of many ophthalmic diseases, 
including degenerative, inflammatory, and ischemic con- 
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ditions. Choroidal neovascularization (CNV) leads to se- 
vere visual loss in patients with age-related macular de- 
generation, the leading cause of legal bhndness in patients 
older than 65 years. '"^ The currenth available treatment 
consists of thermal laser photocoagulation, which results 
in full thickness retinal damage.*^ This treatment is still 
u nsatisfactor\', beca use of the resulting visual loss when 
treatment involves the fovea and the high recurrence 
rate.^-^ 

Photodynamic therapy (PDT) may offer selective 
eradication of the neovascular membrane while pro- 
ducing minimal damage to retinal and choroidal tis- 
sues. This treatment modality uses low-intensity light 
at a wavelength within the absorption band of the in- 
jected dye to irradiate photosensitized tissues and cause 
local cytotoxic effects by photochemical reactions. The 
irradiated photosensitizer is transformed to its triplet 
state and produces singlet oxygen particles that cause 
damage to several cellular targets, including cell and 
mitochondria] membranes, lysosomes, and nuclear 
components.***^ Previous investigations have demon- 
strated selective accumulation of certain photosensi- 
tizers in tumors. In addition, there is evidence that 
vascular damage plays a major role in tumor destruc- 
tion induced by PDT.'" '^ These data suggest that 
neovascular tissue might be targeted in other angi- 
ogenic conditions, such as ocular neovascularization, 
arthritic pannus, and psoriasis. 

The photosensitizer under investigation, benzopor- 
phyrin derivative mono-acid (BPD), is a synthetic 
chlorin-like porphyrin, which has a light absorption 
peak at 692 nm. In previous investigations, BPD was 
complexed with low-density lipoprotein (LDL) to en- 
hance its delivery to neovascular and tumor tissue and 
its PDT effect. "' ''^ Neovasculature may selectively ac- 
cumulate lipoprotein-associated photosensitizers be- 
cause of increased LDL receptors in rapidly prolifer- 
ating endothelium and increased LDL transport across 
the endothelium of permeable vessels. '^^'^ Using lipo- 
protein-delivered BPD, we have shown previously that 
PDT effectively closes experimental CNV in mon- 
keys '"^ 

In this study, we used an impro\ed preparation of 
BPD, which uses liposomes as its delivery system. The 
liposome is a unilamellar phospholipid vesicle based 
on dimyristoyl phosphatidyl choline and egg phos- 
phatidyl glycerol. The lipophilicity of BPD resulted in 
100% efficiency of incorporation into the liposome. 
This dye formulation partitions more readily into the 
plasma lipoproteins, reaches higher levels in tumor 
tissue, and has been shown to be a more potent pho- 
tosensitizer in vivo.'^ In addition, it is readily recon- 
stituted to a stable liquid form and results in an ac- 
curate, reliable concentration. This preparation is 
currently in clinical trial for the treatment of malignant 
skin tumors. 

^^'e studied the dye dosimetry and the optimal 
treatment parameters, including time of laser irradia- 
tion after dve injection, to achieve selective closure of 
CNV. 



Materials and Methods 



Animals 

Animals were used in accordance with the Association 
for Research in Vision and Ophthalmology resolution on 
the use of animals in research and in accordance with 
guidelines developed by the Animal Care Committee of 
the Massachusetts Eye and Ear Infirmary. Cynomolgus 
monkeys (weighing 3-5 kg) were anesthetized for all pro- 
cedures using ketamine hydrochloride 20 mg/kg, ace- 
promazine maleate 0.25 mg/kg, or diazepam 1 .0 mg/kg, 
and atropine sulfate 0.125 mg/kg, administered intra- 
muscularly. Supplemental anesthesia of 5 to 6 mg/kg of 
kcta mine hydrochloride was given as needed. Propara- 
caine HCl (0.5%) was used for topical anesthesia. Pupils 
were dilated with phenylephrine hydrochloride 2.5% and 
tropicamide 0.8%. Before PDT, topical atropine sulfate 
1% was used to ensure adequate dilation for post-treat- 
ment photography. Animals were supplemented with in- 
travenous pentobarbital sodium solution (5 mg/kg) before 
enucleation and were killed after enucleation with a pen- 
tobarbital sodium veterinary euthanasia solution (J. A. 
Webster, Sterling, MA) given intravenously. 

Photography 

Fundus photography and fluorescein angiography were 
performed before and after PDT using a Canon Fundus 
CF-60Z camera (Lake Success, Long Island, NY). An- 
giography was performed with 10% sodium fluorescein 
(0. i ml/kg) injected intravenously. 

Induction of Experimental Choroidal 
Neovascularization 

Choroidal neovascularization was induced by argon green 
laser burns that were placed in the maculae of cynomolgus 
monkeys using a modification of Ryan's model. ^'-^^ The 
laser parameters were modified to include a 50 ^m spot 
size, 0.1 second duration, and powers ranging from 350 
to 450 mW, because these parameters seemed to lead to 
an improved yield of CNV. Treatment was performed 
using an argon laser (Coherent Argon Dye Laser #920, 
Coherent Medical Laser, Palo Alto, CA), The monkeys 
were followed weekly for 2 to 3 weeks by fundus photog- 
raphy and fluorescein angiography to detect CNV. 

Photosensitizer 

The liposomal preparation of BPD was provided by 
Quadra Logic Technologies, Inc (Vancouver, British Co- 
lumbia, Canada). The dye was preserved in a powder form 
at 2° to 8 °C and was reconstituted before its use. The 
dye was brought to room temperature 4 to 28 hours before 
reconstitution and then diluted in 12 ml of sterile water 
for injection, giving a dye concentration of 2 mg/ml. The 
dye (both powder and solution forms) was protected from 
light at all times. The dye solution volume ranged from 
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0.5 to 3 ml depLMiding on the dye dose and the weight of 
the animal. The dye was injected inlravenously over 30 
seconds, preceded and followed by a 3-ml saline flush. 
The time mlerval between dye injection and the initiation 
of laser irradiation was measured from the end ot dye 
injection. 

Photodynamic Therapy 

Laser irradiation was applied after the intravenous ad- 
ministration of liposomal BPD verteporhn. Laser light at 
692 nm was delivered using an argon/dye laser (Coherent 
920, Coherent Medical Laser, Palo Alto, CA), a 200-/xm 
sihca optical fiber, and a slit-lamp delivery system (Las- 
erlink. Coherent Medical Laser, Palo Alto, CA). The 
treatments were performed using a piano fundus contact 
lens {OGFA. Ocular Instruments, Inc, Bellevue, WA). The 
treatment spot size at the cornea was set on the Laserlink 
and confirmed with a precision dial caliper micrometer. 
The laser power at the focal plane was measured with a 
power meter {Coherent' Fieldmaster, Coherent, Auburn, 
CA). 

Dye Dose and Time of Irradiation After Dye 
Injection 

In the first expenments, PDT was performed using the 
following dye doses: 1.0, 0.5, 0.375, and 0.25 mg/kg. Light 
dosimetry was kept constant at an irradiance of 600 mW/ 
cm^ and fluence of 1 50 J/cm^ resulting in a treatment 
duration of 4'09" minutes. The spot size also was kept 
constant at 1 250 ^m. laadiation was performed over CNV 
identified by fluorescein angiography with laser light de- 
livered at various times after dye injection, ranging from 
5 to 120 minutes. 

Fundus photography was done immediately after 
treatment, after which the animals were housed in the 
dark for 24 hours. Fundus photography and fluorescein 
angiography were performed 24 hours after PDT, followed 
by enucleation under deep anesthesia and the animals 
being killed. In some cases, PDT was performed on 2 
consecutive days {on separate eyes), and the eyes harvested 
24 hours after the second treatment. 

In a second set of experiments, selectivity of PDT effect 
was determined in normal eyes. Because the induction of 
CNV in this model damages the retina, it is difficult to 
differentiate the damage secondary to the argon laser bums 
from the damage related to PDT. To assess the effect on 
surrounding tissues, PDT, using the same parameters, was 
applied to normal retina and choroid. 

Areas of normal retina and choroid adjacent to the 
irradiated spots and CNV membranes that were not ir- 
radiated served as "dye only" controls. These areas were 
examined by fluorescein angiography and by histopa- 
thology. 'Tight-only" controls had been investigated in 
previous experiments, which found that a minimally de- 
tectable lesion using light-only required 37 W/cm^ ap- 
proximately 100 times the levels used for PDT (unpub- 
lished data; [Moullon], presented at the ARVO Annual 



Meeting. Sarasota. May 1993). Similarly, the irradiances 
used for PDT are well below levels used for clinical laser 
photocoagulation (typically 100-1000 W/cm'). 

Histologic Evaluation 

All eyes were enucleated under deep anesthesia. 1 he eyes 
were fixed in modified Karnovsky fixative (pH, 7.4), bi- 
sected after 20 minutes, and then replaced in fixative 
overnight. Tissue then was transferred to 0. 1 M cacodylate 
buffer (pH, 7.4). The eyes were kept at 4 °C at all times. 
Tissue samples were post-fixed in 2% osmium tetroxide, 
dehydrated in ethanol, and embedded in Epon, and se- 
rially sectioned at 1 ^m. For light microscopy, sections 
were stained with 0.5% toluidine blue and examined with 
a Zeiss photomicroscope (Axiophot, Oberkochen, Ger- 
many). For electron microscopy, thin sections were cut 
and stained with uranyl acetate in methanol, and Sato 
lead stains, and examined with Philips #CM 10 trans- 
mission electron microscope (Eindhoven, The Nether- 
lands). 

Histopathologic Grading 

The histologic findings in PDT spots applied to normal 
retina and choroid were graded from 1 to 5, according to 
the cumulative effect in various retinal and choroidal lev- 
els. Choriocapillaris closure to the retinal pigment epi- 
thelium (RPE), and moderate effect on the outer nuclear 
layer (ONL) were damage that was considered probably 
acceptable (grades 1 -3). More severe ONL damage (grade 
4), inner retinal damage (grade 5), or large choroidal vessel 
damage were considered unacceptable (grade 5). 

Results 

Angiographic Closure of Choroidal 
N eo vas cularization 

A total of 69 areas of experimental CNV in 10 monkeys 
were treated with PDT using liposomal BPD verteporfin. 



Table 1. Angiographic Closure of Choroidal 
Neovascularization 



Dye Dose 
(mg/kg) 


No. of 
CNV 
Lesions 


Time (mins) 
of Irradiation 
after Dye 
Injection 


CNV Closure 


1 


14 


5-UO 


14/H 




11 


<60 


7/8 


0.5 


60-80 


0/3 




31 


<50 


17/20 


0.375 


50-100 


5/11 






<20 


2/2 


0.25 


14 


20-40 


2/4 






>40 


1/8 



CNV = choroidal neovascularization. 
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Figure 1. Photodynamic therapy (PDT) closure of choroidal neovascularization (CNV) using 0.5 mg/kg of liposomal benzoporphyrin derivative 

orCNV befot POT A ^rwT' "I '^^^ ^J^^*^ '"^"^ "^^^ ^'^^^^ ' "^'^"^^^ P^^^^^^'^' ^ fluorescein angiogram 

of CNV before PDT. Areas of CNV show hvperfluorescence in the early frame (IB), with leakage m the later frame (10), D. color fundus photograph 

cIuTh h i ""pnr 7 ' of Upo.:>,ual benzoporphyrin derivative verteporfin. There is mild rennal whitenmg in the treated areas (arrows), 
compar d w.h the pre-PDT photograph, t ,:.nd F, fluorescein angiogram 24 hours after PDT. Lesions were irradiated serially after admm.stration of 
C^ mg4:g of hposomal benzoporphyrin det.v.tive verteporrtn using 150 J/cm^ and 600 mW/cm^ The time of irradiation after dye injection for lesion 
1 was 10 minutes, lesion 2 was 20 minutes, le.on 3 was 40 mmutes, and leMon 4 was 50 minutes. Lesions 1. 2, and 3 show hypofluorescence in the 
early frame (IE), with stammg noted in th. l.ter frame (IF). The staining developed from the edge of the lesion, typical of PDT lesions Lesion 4 
does not show complete hypofluorescence ui ,he early frame, but has a rim of hypofluorescence in the area that was hyperfluorescent before PDT 
1 he areas of CNV that were not irradiated ..ppear unchanged, wUh early hyperfluorescence and leakage (three lesions u. the nasai macula, and two 
icsionji above and be low lesion 2). 



EfFcctivc CNV closure was demonstrated bv fluorescein 
angiography at all tested dye doses. 1.0, 0.5, 0375, and 
0.25 mg/kg. The lower the dose, the shorter the time in- 
terval after dye injection in which laser irradiation pro- 
duced CNV closure. 



The fundus appearance was unchanged immediately 
after treatment, and only slight deep retinal whitening 
corresponding to the laser irradiation spot appeared 24 
hours later. Choroidal neovascularization closure was 
determined angiographicallv at 24 hours bv earlv hv- 



Figui 

vertc 
angic 
D, cc 
comp 
0 375 

lesior 
pcrip 
untre 



poll I 
the ; 
stair 



430 



Kramer ei al • Liposomal BPD PDT of CNV in Monkeys 



11 
-h 

of 
>n 
le 
4 

r. 



ly 

M 
as 

y- 




Figure 2. Photodyna..ic rherapy (PDT) closure of choroidal neovascularization (CNV) us.ng 0.37 mg/kg of liposomal ^^^^^^^^^^^^^ 
venenorfin A coLr fundus photograph of CNV (arrows) before PDT. Argon laser burns were placed 1 month prev.ou ly. B and C fluorescem 
™1 of ^NN^^^e P^^^^ Areas of CNV show hyperfluorescence .n the early frame (2B; arrows), with leaUge .n the later f rames (2C; arrows^ 
angiogram ' ' , ^^^^ ^i^h the higher dye dose, there is mild retinal whitening in the treated areas (arrows) 

pLrogTa t ^^^^^^^^^ angiogram 24 hoJrs after PDT. Lesions were irrad.ated serially after administrarion of 

0 " m^V^^^^^^^^ ~e vertepoH^n using 150 J/cm^ and 600 M- The time of irrad.tion af^. ye .n,ect.o fo 

lesion 1 tas 20 minutes and for lesion 2 was 25 minutes. Both lesions show central hypofluorescence in the ^J""^^ ^^^^^^ ^^^'^"^^^^^^ 
peripherv of lesion and is seen at rhe superior and temporal edge of lesion 1 m the early frame with pronounced stainmg in the late frame (2H. An 
untreated area of CNV demonstrates early hyperfluorescence and leakage, inferotemporal to the disc. 



pofluoresccnce corresponding to the treated area. As 
the angiogram progressed, most lesions demonstrated 
staining starting at the periphery of the lesion. Table 1 



summarizes the clVcct of PDT on CNV, using different 
dye doses and variable irradiation times after dye in- 
jection. 
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? ^j^W^^.-;' ^'^l.^^^iVaWs^nK^J^Vfli^ - ■ ^ Figure 3. Photomicrographs ot a tr<.-.,ted choroidal neov;iscuUrizjtion 

(CNV) (A and B) and an antreaied CNV (C-E). The treated CNV was 
from an animal killed 24 hours after l;)>er irridiation u.sing t^OO rnW 'cm^ 
and 150 J/cm^ irradiated 20 minutes tfter mjecrion of 0. J75 mg/l g of 
liposomal benzoporphyrin derivarive verteporfin. A. Ii^^ht mi^ropraph 
shows occluded CNV (arrowhe;.ds) and ch< .riocapill ins Ismail arrows); 
however, the larger choroidal vessels remain patent ilanje arrow). Note 
the lack of damage to other cells and stn!ctun:>s (bar --- 25 ^ni). B, electron 

hlle I with ■ ^, ^, , , , , , "^''^^'^g^pfiofthe same occluded membrane shows two vessels (:.sterisks) 

hlle. w.th platelets ,nd erythrocyte. The endothelium has been stt,pped and there .s cellular debris around the voxels as well as a viable cell (C. C 
Ug rmcrograph of an untreated LNV show, a full-thickness v.ew. The les.on .s filled with p.gmentdaden cell, and small blood vessels (arrowheads), 
n h, , rcgK>n of the ies.on, Bruch membrane .arrow) is intact (bar ^ 25 ;.m). D, a higher magn.hcat.on light micrograph of rhe untreated CN\' shown 
>L. shows several blood vessels (arro^. heads). Bruch membrane (arrow), and p.gmentdaden cells (bar 10 ^m) (Fig 3 cmtmues ) 
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Figure 3 I continued) \L, oloiitrc^n tnicrocr.iph of j sin^;Ie blood vessel 
from the untce.ited CN\' wuh .» snull lumen (L), surrounded by hyper- 
trophic endothelial celK (E). complete b.is.il limind (arrowheads), peri- 
cvtes (asterisk!, and pi^nu-nt l.iden niacroph.)j5e> (bar = 2 ^m). 



^ 

Photod\naniic thcnipv using a d\e dose of 1 mg/kg 
was perbirmed o\er 14 membranes in 2 monkeys. Laser 
irradiation was performed at each of the followmg times 
after dye injection x 10. 20. 4(1. 60. 80. ItK), and 120 
minutes The CNV closure was induced in all lesions when 
irradiation was pertormed 5 to 1 2(1 minutes aftt r dye in- 
jection. 

Photodynamic therapy using a dye dose of 0 5 mg/kg 
was pcrftirmcd on I 1 membranes m 2 monkeys, with laser 
irradiation at 10. 20. M), 40. >0, M). and SO minutes after 
dye injection. Phoiod>namic therapy effect was assessed 
24 hours after treatment. Choroidal net)\ascu]arization 
closure was found in 7 of S membranes that were irra- 
diated between ID and 60 minutes after dye injection. 
Figure 1 demonstrates PDT closure of CNV at this dye 
dose The three membranes inadiated at 60 or 80 minutes 
after dye injection uere open on angiography 

Thirt\-one areas of CNV m 5 monkeys were treated 
with PDT using liposomal BPD verleporhn at a dose of 



0.375 mg/kg. All treated CNV membranes were assessed 
angiographicaliy at 24 hours. Figure 2 demonstrates fun- 
dus photography and fluorescein angiography of CNV 
before and after PDT at this dye dose, As indicated in 
Table 1,17 of 20 CNV irradiated within 50 minutes after 
injection demonstrated angiographic closure. Only 5 of 
1 1 membranes irradiated 50 or more minutes after dye 
injection demonstrated angiographic closure. 

A dye dose of 0.25 mg/kg was found to be the threshold 
dose for PDT using a light dose of 150 J/cm^ and 600 
mW/cm". Choroidal neovascularization closure was 
demonstrated in two of two membranes that were irra- 
diated within 20 minutes after dye injection. Only two of 
four CNV irradiated between 20 and 40 minutes after dye 
injection showed closure. Finally, one of eight CNV was 
irradiated more than 40 minutes after dye injection dem- 
onstrated closure. 

Histopathologic Findings in Treated Choroidal 
Neovascularization 

Histopathologic confirmation of CNV closure was evident 
at all tested dye doses: 1.0, 0.5, 0.375, and 0.25 mg/kg 
Figure 3 compares the light and electron microscopic 
findings of PDT treated and untreated CNV. On light 
microscopy, the closed CNV frequently demonstrated no 
identifiable vessels, while open vessels could be easily 
identified in CNV classified as open angiographicaliy 
Closed CNV also showed vessels packed with erythrocytes, 
with occasional extravasated erythrocytes and pockets of 
fibrin within the tissue as well as in the subretinal space. 
On electron microscopy, the endothelial cells were missing 
or severely damaged. Extravasated erythrocytes and oc- 
casional leukocytes were noted, and fibrin was visible in 
the vascular lumina as well as in the surrounding tissue. 
Stromal cells adjacent to vessels appeared undamaged in 
most cases, although at the higher doses (0.5, 1 .0 mg/kg), 
some damage was evident. At 0.25 mg/kg, the vessels were 



Table 2. Grading Schente of Photodynamic 
Therapy Effect on Normal Retina/Choroid 

Grade Damaged Retinal/Choroidal Layers 

1 RPE only; or RPE + slight photoreceptor changes 

+ occasional pyknosis in the ONL; with or 
without choriocapillaris closure 

2 Choriocapillaris closure + RPE I photoreceptors 

+ 10%-20% pyknosis in the ONL 

3 Choriocapillaris closure -i- RPE + photoreceptors 

+ ONL pyknosis <50% 

4 Choriocapillaris closure + RPE + photoreceptors 

+ ONL pyknosis >50% 

5 Choriocapillaris closure 4 RPE + photoreceptors 

+ ONL pyknosis >50% + choroidal vessel 
damage or retinal vessel or inner retinal damage 

RPE ^ retinal pigment epithelium; ONL - outer nuclear layer. 
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■ packed with er>1hrocytes, but the endothelial cells seemed 
to be less damaged. 

Treatment Selectivity 

Treatment selectivity was investigated by performing PDT 
in normal retina and choroid using the same dye doses 
and times of laser irradiation at^ter dye injection. A total 
of 38 areas of light irradiation preceded by dye injection 
were placed in normal retina/choroid of 9 monkeys, using 
the same parameters as were used to treat CNV. The as- 
sessment of the damage to the retina and choroid was 
graded according to the histologic findings at different 
levels. Table 2 outlines the grading system developed by 
the authors (MK, JWM, NM, TJF) for this study. The 
treatment parameters and the degree of effect are sum- 
manzed in Table .1 

In most cases, the closure of the choriocapillaris in 
normal choroid followed a similar time course as the clo- 
sure of CNV. When PDT was performed using dye doses 
of 0.5, 0.375, and 0.25 mg/kg, the retinal structure was 
well preserved. In none of the cases were retinal detach- 
ment or hemorrhage observed. Reducing the dye dose 
resulted in more selective closure of the chonocapillaris 
with minimal damage to the adjacent tissues. The RPE 
cells were topically damaged at all dye doses as was mild 
damage to photoreceptor inner and outer segments, rang- 
ing from minimal swelling to more pronounced vacuoli- 
zation and disarra> ,, 

Photodynamic therapy using a dye dose of 1 mg/kg 
led to damage of both inner and outer retina. Areas ir- 
radiated within 50 minutes after dye injection demon- 
strated grade 5 damage, with damage to the inner retina. 
The sixth lesion was not found on sectioning. Six lesions 
irradiated 60 minutes or more after dye injection dem- 
onstrated grade 4 damage. Two were not found on his- 
topathology. 

At a dye dose of 0.5 mg/kg, only the lesion irradiated 
5 minutes after dye injection demonstrated damage to the 
inner retina (grade 5). Lesions irradiated at 20 minutes 
and later did not affect the inner retina but showed pyk- 
nosis in the ONL, vacuolization, and disorganization of 
the photoreceptors^ inner and outer segments, and damage 
to the RPH (grade 4). 

At a dye dose of 0 375 mg/kg, 24 lesions in 3 monkeys 
were examined (Fig 4). One of the three lesions irradiated 
10 minutes after dye mjection showed closure of medium- 
sized choroidal vessels, characterized as grade 5 damage, 
although ONI. pyknosis was minimal In lesions irradiated 
within 50 minutes alter dye injection, 3 of 15 had grade 
1 damage, 4 of 1 5 had grade 2 damage, 2 of 1 5 had grade 
3 damage, and 3 of 15 had grade 4 damage (Fig 4C). 
Grade 3 lesions showed some pyknosis in the ONL 
(<50%), some vacuolization and disorientation of the 
photoreceptors' inner and outer segments, and damage 
to the RPF. 

A dye dose of 0.25 mg/kg was found to be the threshold 
dose tor induction of choriocapillaris closure, fhis was 
athievcd with almost no effect on the overlying retina. 
Five of seven lesions showed grade 1 damage with mild 

4>4 



damage to some RPE cells, minimal swelling of photo- 
receptors, and a few pyknotic nuclei in the ONL (Fig 5) 
Two lesions irradiated 5 and 10 minutes after dye injection 
had grade 5 damage. 

Dye only control areas of normal retina/choroid 
showed no effect by fluorescein angiography or his- 
topathologic examination. Although systemic toxicity 
was not specifically addressed in this study, no ad- 
verse systemic effects of dye administration were 
noted. 



Discussion 



In this study, we demonstrated effective and selective clo- 
sure of experimental CNV with PDT using liposomal BPD 
verteporfin, as a photosensitizer. We previously performed 
a pilot study to investigate whether PDT using BPD could 
lead to CNV closure.''* The current study was designed 1 
as a larger, definitive preclinical study to determine the t 
dye dose response and the optimal timing of laser irra- 
diation for both CNV closure and selectivity Selectivity 
was assessed in normal retina/choroid by grading the 
damage to the overlying retina and the subject choroid 
when the chonocapillaris was closed by PDT. Normal a 
eyes were used to assess selectivity, because the eyes with n 
CNV demonstrated disruption of the inner retina and 
choroid secondary to the argon laser used to induce the g 
CNV. The effects of PDT were assessed relatively acutely, b 
at 24 hours, with subsequent studies designed to address ii 
the long-term effects of PDT. A liposomal preparation a 
was used in this study, because it is a safe, stable prepa- n 
ration, with the potential for clinical use, and it facilitates ti 
delivery of dye into the lipoprotein fraction of the n 
blood. '^-^o 

To study the selectivity of treatment, we established a a< 
grading system describing the histopathologic eflfects on n 



different levels of normal retina and choroid. When com- (i 

pared with thermal laser lesions, typical of current ther- A 

^py 23,24 ^g-j^g liposomal BPD verteporfin appears se 

to be far less destructive. Tso et al graded the thermal F 
damage induced to the retina by xenon arc photocoagu- 

lator.'^ Their grading system comprised grades 0 to 3, B 

from no visible change on ophthalmoscopy and light mi- i ^ 

croscopy to full thickness damage. The effects demon- ti( 

strated by PDT in this study were, for the most part, within Ti 
grade 1 on Tso's scale The clinical significance of the 

observed histopathologic effects of PDT on the retina is nc 

unknown. j.^ 

The pilot study using lipoprotein-delivercd BPD gave elt 

some guidelines regarding d\e and light dosimetry.''* Ef- lo 

fective CNV closure was achieved using 1 to 2 mg/kg of efl 

lipoprotein-delivercd BPD, using 100 to 150 J/cm', and as; 

150 to 600 mW/cm% when irradiation was performed sh 
between 1 and 8 I minutes after dye injection, As the dye 
dose was reduced from 2 to 1 mg/kg, the ffuence required 

to close the CNV increased from 50 to 100 J/cm'. This to 

study also demonstrated that higher irradianccs were ef- on 

fective without causing apparent thermal damage, thereby ^a; 
providing a more practical treatment duration. However, 
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Table 3. Photodynamic Therapy Effect on Normal Retina/Choroid 



I>ye Dose 
(mg/kg) 



1 

0.5 
0.375 

0.25 



Time (mins) of 
Irradiation after 
T^ve Tniection 


No. of Lesions 


No. of Lesions per Histopathologic Grading 


<60 


o 










5 


60-120 


Q 

O 








6 


1 


<20 


1 
1 








3 


20-60 


3 








1 


<20 


3 


1 


1 






20-50 


12t 


2 


3 


2 


3 




50-100 


9 


3 


2 


1 


3 




<20 


3 


1 








2 


20-40 


4t 


3 










>40 


2t 


1 











• Three lesions irradiated at 40, 100. and 120 minutes were not identified histopathologically 
j- Two lesions at 30 and 40 minutes were not identified histopathologically. 
f Two lesions at 40 and 60 minutes were not identified histopathologically. 



a more comprehensive study of dye dose response was 
needed before considering clinical trials. 

The pilot lipoprotein-delivered BPD study also sug- 
gested that effectiveness and selectivity of treatment might 
be greatly affected by the time chosen for irradiation. For 
instance, irradiation performed within the first 5 minutes 
after dye injection appeared to cause some damage to 
retinal vessels and larger choroidal vessels. At this early 
time point, the dye concentration may be equal in the 
normal retinal and choroidal vessels and in the CNV. At 
later time points after dye injection, there may be selective 
accumulation of dye in the CNV and loss of dye from the 
normal vessels, as suggested by BPD angiography studies 
(unpublished data; Miller, presented at the Retina Society 
Annual Meeting, Williamsburg, VA, 1994; Kramer, pre- 
sented at the ARVO Annual Meeting, Ft. Lauderdale, 
FL, 1995). 

The starting point for the current study using liposomal 
BPD verteporfin was a dye dose of 1 mg/kg, fluence of 
150 J/cm^ and irradiance of 600 mW/cm\ with irradia- 
tion performed from 5 to 120 minutes after dye injection. 
The PDT of CNV using the liposomal preparation at a 
dye dose of I mg/kg was successful, but the damage in 
normal eyes (grades 5 and 4) was beyond the acceptable 
range. To reduce the damage to surrounding tissue, we 
elected to keep the light parameters constant and to study 
lower dye doses. Reducing the dye dose had two major 
effects as follows: (1) increased treatment selectivity as 
assessed by PDT in normal retina and choroid and (2) 
shortening of the time interv al after dye injection in which 
laser irradiation leads to successful closure of CNV. 

The PDT usmg a dye dose of 0.25 mg/kg was found 
to be the threshold dose for CNV closure, and the effect 
on normal retina was minimal (grades I and 2) in most 
cases. However, two of the three areas irradiated early 
after dye injection (5 or 10 minutes) demonstrated grade 



5 effect, with some closure of medium-sized choroidal 
vessels, although the retinal vessels appeared normal. This 
damage to medium-sized choroidal vessels with eariy ir- 
radiation was seen at all dye doses tested. With later ir- 
radiation times and particularly at higher dye doses, in- 
creased pyknosis was seen in the ONL, consistent with 
transport of dye across the RPE to the photoreceptors, 
seen in the rabbit localization studies (unpublished data; 
[Haimovici], presented at the Association for Research in 
Vision and Ophthalmology Annual Meeting, Sarasota, 
FL, 1993). Using an above-threshold dye dose of 0.375 
mg/kg, we were able to demonstrate a hi^ rate of effective 
CNV closure when irradiation was performed within the 
effective time interval after dye injection (<50 minutes). 
Most treatments in normal retina and choroid using the 
same dye dose demonstrated choriocapillaris closure with 
accompanying effects graded 1 to 3 on our scale. This was 
believed to be acceptable damage, although long-term 
studies are needed to investigate the histologic recovery 
after PDT. The extent to which such damage might affect 
visual function is unknown. 

The combined data regarding the effectiveness and se- 
lectivity of the treatment lead to the conclusion that the 
optimal PDT parameters of CNV with a light dose of 1 50 
J/cm^ and 600 mW/cm^ are a dye dose of 0.375 mg/kg, 
with light irradiation performed 20 to 50 minutes after 
dye injection. Damage to retinal and choroidal vessels 
was avoided when irradiation was performed more than 
20 minutes after dye injection, probably because of the 
clearance of the dye from the normal retinal and choroidal 
circulation. Recent angiography studies performed with 
liposomal BPD verteporfin using a higher dye dose provide 
indirect evidence to support this assumption (unpublished 
data, [Kramer], presented at the Association for Research 
in Vision and Ophthalmology Annual Meeting, Ft Lau- 
derdale. FL, 1995). In these studies using 2 mg/kg of li- 
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Figure 4. The photcxiynamic therapy (PDT) effect on normal retma 
and choroid. Lesions were irradiated serially after intravenous admin- 
istration of 0.375 mg/kg of liposomal benioporphyrin derivative ver- 
teporfin using 150 J/cm^ and 600 mW/cm^ The time of irradiation 
after dye injection for lesion 1 was 10 minutes for lesion 2 was 20 
minutes, for lesion 3 was 30 minutes, and for lesion 4 was 40 minutes. 
The animal was killed 24 hours after laser irradiation. A, color fundus 
photograph 24 hours after PDT of normal retina and choroid. There 
is mild deep retinal whitening in the irradiated areas. B, early frame 
fluorescein angiogram 24 hours after PDT demonstrates hypofluores- 
cence in the irradiated areas. Retinal vessels in the irradiated areas 
perfuse. C, light micrograph of retina and choroid after PDT with the 
pararneters given ^bove Jhe lesion shown (grade 2) was irradiated 20 minutes after dye injection. Note the complete closure of the choriocapUlaris 
and the damaged RPE (Bruch membrane = small arrows). The outer retina shows swelling and some pyknosis of ONL nuclei (arrowheads) and the 
inner retma shows some swelling and minimal pyknosis (bar = 25 ^m). D. electron micrograph of the same lesion as C. Note the choriocapUlaris 
closed by platelets (asterisk) and stripped of endothelium. Bruch membrane (arrow) contains fibrin and the RPE is severely damaged (E) Outer 
segments range from intact to badly swollen (bar = 2 ^m). 




posomal BPD verteporfin, fluorescence appears in the 
CNV within the first minute, delineates the CNV well by 
5 minutes, and shows marked fluorescence at 30 minutes, 
with some fluorescence persisting in the CNV out to 2.5 



hours with minimal leakage. Fluorescence in the normal 
choroidal and retinal vessels occurs earlier and fades rap- 
idly: 5 minutes for choroidal vessels and 20 minutes for 
retinal vessels. Although angiography provides relative 
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Figure 5. The photodynamic therapy (PDT) effect on normal retina 
and choroid with a lower dye dose, Lesions were irradiated serially after 
intravenous administration of 0.25 mg/kg of liposomal benzoporphyrin 
derivative verteporfin using 150 J/cm^ and 600 mW/cm^ The time of 
irradiation after dye injection for lesion 1 was 10 minutes, for lesion 2 
was 20 minutes, for lesion 3 was 40 minutes, and for lesion 4 was 60 
minutes. The animal was killed 24 hours after laser irradiation. A, color 
fundus photograph 24 hours after PDT of normal retina and choroid. 
There is mild deep retinal whitening in the irradiated areas 1, 2, and 3. 
Lesion 4 is barely discernible. B, eaily frame fluorescein angiogram of 
the same eye 24 hours after PDT demonstrates hypofluorescence in the 
irradiated areas 1 and 2. Usion 3 showed staining in the late frames, 
while lesion 4 remained undetectable, although histologic examination 
demonstrated minimal RPE damage. Retinal vessels perfuse in the irra- 
diated areas. C, photomicrograph of a retina treated with PDT using the 
parameters given above. Laser irradiation was performed 20 minutes after 
dye injection, and the animal was killed 24 hours after PDT. Chorio- 
capillaris is closed and the RPE is damaged (Bmch membrane = arrows). 
The larger choroidal vessels are patent. The outer retina shows some 
swelling in the outer and inner segments and minimal pyknosis in the 
ONL, The inner retina is basically unchanged. The lesion was grade 1 
on the scale developed by us (bar = 25 nm). 



fluorescence information, it suggests that selective dye ac- 
cumulation in CNV and selective PDT effect may be 
achieved 20 to 30 minutes after dye injection. 

In conclusion, PDT using liposomal BPD verteporfin 
is a potential, selective treatment modality that results in 
direct damage to neovascular tissue with only minimal 
damage to the retina and choroid. The absorption peak 
of the dye near 692 nm permits the use of longer wave- 
length light to treat CNV. The dynamic biodistribution 
of the dye allows treatment selectivity by adjusting treat- 
ment parameters, including the dye dose and time of laser 
irradiation after dye injection. Using a light dose of 150 
J/cm^ and 600 mW/cm^ provides a treatment duration 
of 4'09" minutes, which is clinically feasible. If the exper- 
imental results in this study prove to be safe and effective 
in humans, PDT using liposomal BPD may be beneficial 
in the treatment of CNV in age-related macular degen- 
eration. It also is a potential treatment for other forms of 
ocular neovascularization, such as proliferative diabetic 



retinopathy, neovascular glaucoma, corneal neovascular- 
ization, and ocular tumors. 
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Provided are methc.ds and '-umpns . f<::r the f hotc'dynamic therapy (PDT) of 



,-.cular ccnditionF characterized by the f^resence -f unwanted 
choroidal neovasculature, tc r ex anple, r.eova ?cul:r 

,,ge~relatei r:ia::ular defeneration. The £ e.l e<.; ti vi - y and sensitivity of the 
[■DT metn:d Cc^n k.e ennanced ly ::o] LJ-.inin'i the E'DT v;itn an ant i-angi^genes i s 
iact^r, f^r exanifle, ang l : s r it i.n -'r en<:c>.^t.aM n, : r \iith an 

f-.: '..hern'jr-.:, tr.e s-rle ■:t i-^iry and ser.sitivity 
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J T ' ' A i' b 1 

iibMed lb: ,J. 3^.;j-;^. Mech ir.... sms of 

If- treatment 
:r; }:,-,s,.n T. 

.:'niver:M.ty Lye I{ :..:;p.bt ,^1 , b-^beck, Gen-iany. . SURVbY r.p 'Jb^iTi^AbMO bO' -Y, 
..I }0 IJc.v-De.d 4'' (id 195-.; bl. ;-,*-f: .'^ . Journal ::0'i-: 0-;'4bM. bJ/N: 
n Prib . r.:janr.ty: I'r.ined Jvat';.,. b.;in(|uage: Ei.'rl-.ib. 

Aae- tela ed macular degen'f: r.. t ■.. on , espe<:i.-.lly the ne '"a.^ ^nl ai form Lf the 
d-.'je.ise, is -:he :eadir.g ca-:_..M? of 1 din^ine; -^i, in eld'::r:y leuplc in developed 
countrie.-. Therma.1 pnc tocii'.^i.rri ..a^icn .u s"iil the pr-'feired 
treatment tor choroidal ne'j-.-a:icularizati:-in that doe:D ni.t in^'-olve 



the fovea, but it i.- ruitable for jnly a small nurr^er f■atient,^ and it 
can lead t.. immediat.e lo,-5.? cf visu.;l acuity. Fhctodynandc therapy with use 
ot ph.: t c ch^.-mica 1 li^rht a.:t.ivati :n :f -^ecteporfin a- a r hot osensi ti:^er 
( ^^ert'E■f: c r f I n tne:-ap-/) has been -ho-'n te effective in ti eating 
va-culariz-rd turn, r- , and it.: pc^-en^iai tc tJeat ctner irncition.: involving 
neova.:.c-.la:'izati-n ha.^ a^io been S'^gge^'ted. Preclinical and clin.i.cal 
studies ha-e indi =.:.tea tliar '.-^ir ep ;-r f ir. tnerapy -an be '.ised zc treat 
chcvtvMdal neova,?- ul.ir i za-;i-n ;e.on:iary tn acre- rel a* ed ma cjiar d*E-LTenH:raticn 
e 1: f :-t a vely and /at-ly. Selec^j'/e E-rciasi cf choroidal 
neovasculature by t;.i.; tner.p-/ rau.res iiLnlnial (iama re t: tne 

neui: i e-ns ? L V retin.;. and, ther^lvre, do>:-3 nc'X inaac-r; lo.:.: ot visa.:il acu:.ty. 

T;iis ceneEi- all wi v-rt epo r : ; r. theraiv;- t; 1; e u-ed m tne larae pro}:.ortion 

c t: ^^at i ent.; wh d -ii'e n^jt elixibl- fjr treatment by laser 

r n'jt. : :v>a julati :in . Tne mecn.^ni , -td c a3pe:-£ ot the ni:>de :r action of 

1 iah: - a :;t i -.-ate:! /e l veTjc r t m art' descf..beri in thi: revi-rvn 
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f -■; 7 J 474 I Kn :r 1.1.: h 1 l.----/. i::ijbb::: P^'lbbG. 1S;''K: : .. 7 7 --7 oX . 
E.ir'li^-her: oPie^-Tn-i- Int e rn ^. t .i '.ca i .b:c:i-ty f.: r Cpti-:il bng i ne.;:- rin :f . 



AP. E n jt : layn ;.ni 
s ipe r t i ::• 
1 i jnt an :1 



Ith-er^i'.' i E b7' ) i .;. a pt.-.*d fiu treatment '^d 
and . Jn-'-n-c :: .d.u:rini;: rumors in r'-gi^in,: . ::::e ibie to iicti^ating 
n:>v.' or. ji.^;:! t'j i •■ - 1' t e :v.. i -/e in clo'&ur e jf choroidal 
neovascuiature in A/e F.eb^t-a K.;:sul.?i: beven^ ra t i :.n . E'bb utibize,:- 
li.j::: at.-r- j: ;.)in:f ■aiivro ( pno': : ,^ ^-r.^-it i. .:r:r:- ) :.h..t .^er.eri^-e the l:.cal:ze.:l 
: 1 rr-15. t i jn vt rea:ti''e cxyg-n .-.e^sIc.: att^a" light e;-:p:£u:e. In ei no. ot 
£-73tems, ?j7 ha.: : rciunc ra^id -.I .v..c i y eftesto; r'nct cciyn a:ui I:iiinune M:>du].ation 
(PIH). i;.iing mten-oiay pn : to :iy:..-ir:iL - r-gimen? arrd^e^i o\'er \ 1 ^rge 

irodv £-url:ice are.7, nr : q r-^r..:;d <:-n f nvjuso aut.cdminurie dise ise cjuld be 
inhikitel. Purtnor, thi.- treatment .:tr3n:rly innibited the 

iiamun::.- iiiedi ::a 7-:-a c:nt,.::- nyi- vr = en:L _ t i\v ty response t topically applied 
chern. hipt.-.-ns. d-Di.ne :n. cl- d at. i : n appears: to lesult f r :ri ::.ele::tive 
tari:ret:n:: 'n a -^niVe :i T .]. ynipno sy r eo anl r e<;ln . in incnun .'S timilatiC'n by 
antig^r. r r-.'S en t i n :r "lells. PS'j r i a; i..; , an i r,;j lun-E -ne .11 at-: .a skin conair.ion. 
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c ..in . t r i a ' , aov r j 
£ ymrit : m-: ( or i Ei i 
in :ie\'era 1 r<so r i -i--' 



et: id- :rr:ial c-rl.l p r .)! 1 f eratic n , T^pi'l-E rmal Layer 
.e forriati.in at dillier-r'nt bccy ites . In a recent 

:ne thir'.l :f par._enti: vjith ps->rLa.::s and artdiritis 
aLthritds aL^filayed a significant .-.lin. improvement 
- L ed.vted } laianie te rt alter fc^ar wee-:", y 'whole-boiiy PIM 
treatments witn ■ 'e r f et c r n in . The safety profile v/as fa-'orable. 
Tne capiTjifo of Td M influence other: human immune disorders including 
rheumat:dil i-rtnr: :ii is -.merer extensive ev-aluation. 
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Ah Parp.-E-: j r--a'T'v; 1 : ] j .y ^ _ :; ; 1 ba.:;! 

y '-■ • 

Ke*h:a2.:: re-.a-v; taa 1 1 " o t ; : .i ra : ; rr~] ad-- : , v/r.^ch eri'.:- rni ass-ef the 
■:aei;iiai! .: 1 1 i r.u t-: , b la. j.a. y.r : .'.i 1 n-- -aar.i . m £ a7ti-.ri, fi-ae : a"ailatde 
i.:'-:.t-, .-:atu,: o 2 ■.dir.ijal tr;:2.:-, Inioc... .r. -ati :r:.- , re,:'.;:;:, c-f 
treatments, - .any . i - ; t i . , -iir. i 2a*.:ar';- d : r: e : c i.s . 

Ke-v::-.s-: Pao t .lyn :.:ui J ^h-J..Ty 2 s :., i>::.- n ::.h.v;r. t. 1: afde-ti"- c]os.ing 
Y'C-r]. ■ XT t ini-air -.h r f : i dal r.-ir r ^ '.:;.^ :-a 1 ar i za*. i : r. in ar.iin-:j moc;^d.^ we:Ll as 

D-r-'d -ha'oii^^: n-- : "a .:- ::a I a i i z ; : i. u: :-ui;Lai.^-. Th-r ^h'-rajy rr-^alts in 
t^mj.a)Lary zl.'.Hr- .t -h .vr^. i ^ 1 i.ew ' - a-rl fa: i- a V'-ri-:..! :d: ta. xi ma t.ely 1 

ac -1 va-a2.£ . by 1. v>.;.-r::-- , n.^ar f.at.Leati. :.av- r e: e l : .<£ i :'a :'r ro: ll ii f er atior. 
ca ..:h-r:iaal iv-v; -/-r.-;--!^ i u 1 aar. .( m the i.ead £:■: r-- 1 l eatm-M. V t ') achie\^e 
-rarii-^vd -l:.auLe ;;;a:; -is^.a. ^ a^i:' ^ 1 ; .at _ oa . ai ! fa i --r. ze : exif^ ir. the 
[-.iaaram yielrl, -_.a.:-al e L 1 2 "a er. ::y , and ii'/h*:. -ir.':; a^-asatizer lIj^--; 
rtryai:e:aerita 1 eLv/r^.-n d; ifr^r-nrnt: ci ...e- as : ..ger.ts . Furt.-.er cai.l triads 

\.m21 la reqaif'"^:! '.a 'aar aiini r.-- the :y*:i.niai tcirrL jf tharapiy, vj.. a .a 
■ : t e;. i.>r : i n ''i^iT-ue: a= tn-r 'nh.' .:\,Lr--Mt2y aypfive:; .v^ent. ■'ther agents, 
U'.lin r 1 1 r. -.-tt i "i-'U rr.^'.. rir ! P i riy i n i ar.d i-io*. e:-:a t i r. huaetauni .2)|trin), .ire 
:. ri ei'it 1 urii'le :rj i:; 7 ph■^s■r III, .-aio prid.: e .1 t:ini.'-f rari ye ::t:^' '•i:ly . 

(■.h^Ji"; i : F' i l : a :aiy:-.aiai t-;;ca ;ty is a pL";m.i£.iaa treatment 
II'- cio 1 - sh'i'V/a t n-^ : :e "Jt a-'- m ^ jhit;;-M-rp;r ..l-auie iin a s t abi_ i a 1 1 i '^n o I: 
"i.\ADu , -las - L r;ip--i r:e .1 v/irh yL.;. .■-ha :• .a^ir'ah :n eye; v;i t n =^bf:)V'-a.] -horDidal 
at'-: v'ii;- ; sir i z -;*:i :'a . 

L2 /JhrUEJ- ■■ OF 5-'. ME22TNE 1^2221 CATE . 

2C023'.-4't4 jj-unie;-.'. d.iiuDef: 2al.;:aK. E=u;44ed JP: i-:i'a..:.0. ;3.-ar.niag Laaer 

.•ai-eii-. t -r rai *: :■ a'.'n a:ia 7 th':-r-:ay : -a-.^iroi'hil r.r^ \'- aa 1. t i za t .l . :\ . 2>l:>ana 

Aa.-ra; '2.'hta ^'akj'. (2-;;: -.rMiienf ui. 2'; haha Inn ay nr.d '2L:^'^a_ Ccienars, Osaks. 



C:aa/ '2. : ■ 'ers i " ■/ 2:a ii * ■.' .■':;::i:jal : led.i c-a^'- , C':=aa\ Cjty, 54 2- "i ...apan.. 

,.a.: ra-}:aa5med. o.: ■.':a- ::a. .c. ip; . L2.3:-;P2 III 2rhGEF:Y AJ^JD I-:E22CINE, 20J2) 20 

2. 3^'i-.s. Jaatail --a-': :.:0".ia. 12221: J 1 ^ 3 : 9 J . Pu':. coanary: United 
. aa^.e.v . Language ; Engli.- h. 
Ab bA2"KG2.(:)'.2]D A:4D '22- ■ E :'r h 223 : In 'rcier zc iinprove Ee.ectiaday Df ptia t odynami c 
therap-.' ; PDT ) t .aao i:':ii.\a . ne a;. cu . a r i 2a aion (CN'2) a.E.aaaiared v/ith 
age-related macular degeneration/ a 

iajer :^ :.anning te :hn.i.qae a^a-i; appliea. tc> perfoian f'.'cal laser i i ra^dia ti on to 
the retina, and tae oc-]u. ic^n effec'.s of a nev; dea'ice ta the 
choriocapillaris -were eva^iuated in primate eyes. STUDY PiES ICN, MATERIALS 



METHODS: The deface contains laser:- f^r fundus cl. nervation -I'f 785 nm 
ina tor E DT -f 67m um, matchinq the ab. i:iri:tii:n peak a 
photosensitizer, AT:-> ? L 0 ( Na ) . The L-:ts-: itraaiated shape on 

-.h-r retm I sl ec.i f ...ei.l ;:'el:3re treatment ind sri'^t ofE av. *.':'mat i ca 1 1 ■ ' 
\/h'E:n Che : .re :;et^;rrii.Lne<:; treatment ua.i; a -.hi-r^ 'ea . The :.■ us Ic n of 
vh-: -nori "..car Ll^a:- L, after PDT v^as :lo o. juerr e.:; by flu:roscein an^.l 
: n.:;o jyani ne *::reen mgi^'graphy and n is - -..l.o ;:y . RESULT.?: The are., aesignated 
ncr PDT v.'--;S -as:. I-/ drav/n on the tou ::h-- .:■ :; ce^n noiiicor, ana c ■■: o :.u.:-ion cf the 
.d. : ri : -af . i L N r I w i.:- a. -diLeve..! precise../' in un^ area y re-- eJ e s^ed for 
treatment v;irn :) J ' "tm ( . ) .j r i^.te ."f r ,.;d i.an.je loilrwin^i 

■iaiu-.:,i-tr.;ii:n of ric. j ATX- SID Msii. dOK<t:/Jo I ON.? : This de-^L:-;e r= useful 
r:r iirad-.atinj Clv: --f .^ny shape, sparing t.he s^.r r oan.li net retiri:. .;ince 
-.ur ^revi-.v.s s^udr-.:.-. i..:ne:te:l tn-^t s-- : e :■: -./e o.-clusi'in ot i:N"/^;ou.ld 
le:rea.Le jn'-y 'd.*- : un ::t i ..v.- I ais-u tiano.- i.;ansed ry PI'T, rat: al.rO the 

re :-af renc-: of ?M'/, the preser.t le-'Li'e riay o 1 1 c v; ni:r-- efft::St .sse T'DT than 
:h-:- ; hit-i.;::nr sys*.:-:! raesent.y ,iS'"-.d. 
.:::py f i ^iiht .-.O'l W ; l---;- h : i , I lo:: . 

L9 ;d:.^:vjh.?; 4 IF --a:':,!'.? ■::orvKh:;HT ^-o.: ao.? 

2002: ••'.^ El.- ruiuent U... 1 • ^ : 1 -T*" > ! ' rto; t f :i in: U5 i :r:--aSio c.i.ated f-iiin. 

h:L..:;:kei, N ;o; h _ i o ; yj;. ii:le, hdonar.J H^rancin, [-e^ndro; Mu: t:ay, Oane; 

rreuri;;, K. f. i^le/; .".hi -SL-:' i , .';i.::)n .3.; :a n.::- :r., J;hn ; ;-:;nnMzrrf 
:^:,v/t.rr, ::e A. ; iuyer, T'vi.d : r'isn'-ny Va i e L. O d : re "u^ - R-- in:i -Macula 
A: no J 1 van' t New V.^r-:, L.iE:raer T. Il-r l t z het.inal P•;.■.^ea r .-n Oeid.er, 
dann;.:van oy^ , Ko::, .ml Tnr.:..-.r drsiMO-il, Nov; York, XV, •J.;-A! . .^aerican 
.A:ar-ni.i c r h ta . _ :. r y , y? ■ , -IL--. Enal-sn) JJi. '.:-[)E:]: AOl>P;vA. 

PiAdl: . 0C-- - ^ ^ r^-i . ;■' d..i : .;:r.e r : Else^^er .■■ci-nse Inc.. 

AB ;-''..A.:' s.: rd [■ .'v-t . 0 f ...f.il nyi 1 1 : n ::ie ■; e -/ : 'vn-j in;c:len;:e '>o.: trt epor f in 
nrAu - i :.n- /I.: s - -'d. p.:n ..n:l o.:) fin.o --..t if -.her :a:-t:r.. p.lay . r ..ie in 
r>r e..li .^pof; i n^ir ^o vli..- ■^: jles _ t:e':l s : riy ! .l .:-:t r i : n in a non r ^.r^.d.jnii z^f-d jlir.. 
-r: i'. Iv'-- r 1 A L y en.-iiwl. 2'-. c :):..s^o.n" is/e piE^tirrnts v.^n'j na-'e been 

.iijfn:.Led ■■:i';.h --pdito-eil rn.or;d:ia^ :.e .r ' oul a r i .'.a : i ; n se on-i t:y ~o 
age-related macular degeneration anl 

rec-c\'ed [ : . : * j^iyn.-^rii vner-;:i:)y .isin'r v^e i top .j t f _ n . On- nanr;r-.:i t::v;er.ty- f :_ ve 
:.at^'fr.t.s v/vt-- i5-_r;-.o,:l r.j )_ j v-e '-tj . mp : ;; v/at-rr otally a..:ini n i .■ t e re.l 30 
::iin t et oiv i; e t i.nr.ir. the vei:r-:tpDi : m trif'-si :r., ..-tnii the rema.Lnm r li.S 
: :.n.-r;cuti vo- r iit.i-n-.-- wei:e is-oi o:.n': : 1 .: . :I i t : r i s.. 1. an.:i rlrn. t:actors 

_n -ne.re t t • e^t:^ w-ce e\'a-M.Ae:i : r ta-it i; = o .:n . vi vh tn-:- pre.ier.se of 
^^et■" et ■:.rf ir. : n f u : ^ .n - i s :. s.; . p.Eiin. r.E.'ohT;-' : Out :f LA. p^ir:.ent.: r-ficeiving 
V7at'-;t r.ef ■c■'^ treatment ii ^ . - ) ^ ::-:po r : en o* ci - 'e r t -E-p : r :; m 

in:u;A s.n- ^ - ]).in. /jir.n;r the -.A ^^.ti-nt^: wh di:l not go:; nydration 
;.e:->fe th-.-ra::'.' exp^^ r : enc^r" ; • 'e : tep ... r f:.: n i n f a/ : on- i.;. .s : od . p.ain. 

There was :.o s ta : _ s *: ic i !. c^ifferenj- } ef.v/een r ;;e inci'ionce o: pain m the 
•.W-: ;:r.:ups It - . . . Mj t.7 1 i s t : .:' iy s i ..irA : i cant 5 o. -n . vno:^ evidenced 
V,...rv;^-rn th'-- ::res-;n->"- tjai.n an:i p. ror .ii/anr ' ^ l.aseline ::n.;i Jt- ci s t ics , 
-X ::..;{: t f o t o-fi: ri : n ^ ■rev.i. o^-s .-i ind.n.: t ra" i.'ic. : i wrrtep r.-id:i n d^ < . Dl I , Out 

^ * 

.. £ to".."]. pit:tT;n"s A ( - . -A ) de-'e^op.e.i -erte}.cafin .i.nf ...s i : n-.iss ocd. 

p iiin. Ba V'-t i.n \i i.- " ne nios- ODrunr. ai-L.:i -i-zsurrea m dl 1^.4 A patients, 
huT :-rher it-.£. : n _ a.:i'--d le.:[, jiro in, :ne.t t. , butco::-:, arm, a:i.:l :;noulder 
p:i.:o nc; .r re:it.:y a- .independently. AM. p.itient- hia re--; in. tnelr 
Pri.:n, inc.n.:li.n;( :.ho.-.. p.^^in, ^.r. -e.. :-o.t.L :: the infn.:. ion. 'djNO l^US 1 ONS : 
f rer r f ; I't i.n f a .:■ a '.r.- a 5 .•■ j . pain i-riy ne m.-ce s<.'nuiion tnan ha.;- i:'--en 
t:,-CM.": nsly rep i-rte."; ,-nl i.s n.:d. lim:oe<i -o ^:ne hac<: ii ea. It ap^p-sat s to be 
-m .1 :lLosy:-L --r it.ic re i .j: i .Ji'i to the drc.ir. It d:.e= n:.t -eem Ko -a pre'/ented 
.oy .-.1:511 hyci r ;o A:):-. r'-:-:A're .info.si:)n f wrteporfin, an.:l n.o ra.j':ii.ne 

:na r ;i :d e j: 1 t i. , (:•::,(■■ r tn.^n hLsc.-:y .. f p,An oil pM:e-.'oous iiitaston, 
• .o be p.reo-i~ive of "er t.ep .^r : in in r i l.;:- :iS-S0'cd . pain. 
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Tec hn Mogie.s ) . HunM D.i^vid lA 0. (.jLT Inc, "/anccuver, EC, \A T 4T5, Can 
lOiuqs, b[2\, 180-i-D (bngli.h) 200^. CODEN : IDRUFN. IS£N: 1369-7056. 
Paflisher: Current brug.^ Ltd.. 



AB A review. Ph ir:iac:ia :.>rp, under licence from r-lira-ant Medical 

Techr.r.L ^?ie.i ;f-)rruerly PDT In-), is de\-elDping ro;:- r ape r f Lri {SnET2, 
ruri\'t in ) , -ii ii Tht-ac- ..^^^;ted cytotoxic drua de'^el.jped a; rart of Mera\^ant' 
Fhc t-L'E iD Irit _::)h -! iynamL'.-; r.herary PDT) program, fo.:' rhe pi'tential 
treatment : t ■.et age-related macular 

degeneration ■AMD!. I.-i Tan. .00., ^er.-.At- of pha-.-r III :.Li:ils 

J n.ii L-a:: :na; i- jf t ap 3 r M.n ha ^ n.. t net prinary eLfi:i--.y en:ipo..nt for 

th'^ v/e': t-^nn t ;j'-ID . /.T. thio tijie, a : . ce\':ew f the i;;--ita v;a,:. to be 

i.n:iei ta-:e:rw ai.i -i'-cis i aho-..t tuture de-.--l Dprien*:. oi: ta-:- '-Jirug were t:. be 

ma.:e after ad-ml. aMaly.-es :i k^-en cor ip. -^^ ted . Th-r 'iri|iniL li::ensin:f 

a gi e-nient::- in/i'i-ied the i:le\^'t: : pnu;nt r o:i. tap:' : £i f :j r .:;e->'-ral 

:^ t^hairiDl , , :n::d. :;n-i .irc 1 . ir.dio.: t n.^ , an'-i for decmn:".. ai ri 1 ... ::at i ons 

1 n:.I „::Ln^ 7-:-c\ii^:\ ri-:in unt-r l ■■ . H.d;/---t- r , in /vigu. t Mira^'ant 

rer :rre:i th-:;t i. t l.jnt^'r Lt^er.ded ^.o p^.Tttie :utt:\e.:a.5 :tk- 3 1 ti breast 

;:M5T1, ::\ "u: :le r t :^ :l'.-u= on /JII'. AL-j in i'.:i.di-^^ in bai.al 

oell :a i: - Lr. :.:n-. -.d r-Jit-^-d l-:ap.. , ■ : ' s : r : r^ria v^^re a. : jnt i : .aed be::ause 

:■ f - L;ie.: ^ :; : .d- r:a t . ..n .: . I- os.'.ap.. i : : n - 1 iv.. ^ ed by : vd li^nt v;ith a 

v;a vel':-n:|tJi jt nn. It ] injert-d nt : t cat: ex. t , wnere it. 

.:d^tribite^ ar.:! e:.e -t :.-'ely t ind.; t.. } d 1 : p : pr ■ .t-r- i n.i , \/nLt:. are 

t r - a ;1 in hi:fh :;•.):. ::n. • . y nype Lp C'" . ; : e r ^ l n :i re.lA: u :h .i-s ttn^:er cells. 
After . li, the t.infeted -eLl: ate tiiu: te :: I'p red liih^ to ^;Ct...vate the 
- ' . Thi "t! '^erE. * ne t ' t vi-'^". i 3n t.o:-:: z t I'-r-e r.^vi i 1 :-.peoie.-: that 
•lie .: " r : y tl\e -tI.I.: vj.thjit .h : ::t.i ng -^'..l zi-v.vXi\\-\ r.c ci-ii ] tL.= .:ue. In 

Ja:.. i dr---li.t .;-.i.o.,- F.i : .• \ St.::. Li;*:.:!, i'-i : •:.•£• lor rn^iriari^ o: $4 !) 

mi 1 1 i : n \u i;0- ?; md $5 i :nii]::n in ; 4 .i o 1 . V ] , v;hrle \u the oane m^nth, 

Ar He.:e,ar:;h p re..l_ :: to :i pe ■: -: .-nnja. f-: r I ha rm.ici ■ : :d: le.^.E. than $250 

r; L i ! 1 i : n . 



L9 .'a;.;-v;?:?. o --j^^ 5v iT£:i:)h:N?: :»tPLp:v,T?: i 

20021" 1 :. ^ :■ :): -:u:nei.t Muidjer: .^i 1 - ■ 4 6 1 . ;'ut:M-;r::; T :.i : i:"r;.':C:. La— E;r targeted 

ph O'.: :di-.i L .ri ■> r r^t -:;!■: t ;ia 1 ne^. c^: 1 a r 1 t 'd. :i '.>: . witn:'.r ::o:iareraI 
aar-i-^p--. Nr.: n iv;- [:i H : t: j zo ; .;;-ri:n'^ r ]-,^n; ' "; : 1 ir; r :r M j r to n F; T'Ar.n.i. 
Talv.^;tore A; 'dri:>re.-. TtanleyA; L^rere r. ::a . ' L-epa t tine:-, t f 'Jj-nthalmology 
^.r. -: \d:: ,ii 1 T-ien-:e,::, :;rad-,nt- 3-hDoi I M-r.;io:T.e, Kyot.- 7n i\^e t ;: ity , Japan. 

; r H-j'rooH em i 3 t h v k i: ) E'.doTjPd C'L'!) :;v, ret..; •: ) l 4 - - ' \ . T :>u rnal 

o::ie: ■i^7o425. IT-'d: ■:■ i :A - - ■ ■; i . A-ib . .:'j.j\rry: \diited Tt.^.t.e/.. Liin^riage: 
L^tv: 1 i£ h . 

AB L-5 .;- e r T':;-te:l p;iOt' i- j .:i .t: .. r. '-.bJ .. -.-^ nu ^ ..j.-'Q ^ ^^.e^^ 

ft'^-ar. on : ri:d.':i 1 ;ie-T - .r j iar Menu:' l an-. ^ in age- 

related in<:: D*.h.er macular degenerations- /'v 

ph : c j.: en.: rt i v-^ pi-r-iv, -: ; l ::a]: .t.; hi t e^d ,n hea ' - ,-. en:- 1 1 1 • ^e 1 i i ^ -::^ie e , i 
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CphthalmC'lOi'-jy) , Johns Jl.iipkins Uni-.'e^sity Sohc<:l of Medicri:e and H::n. j t a 1 , 
Palt^more, MD, PPSA) . Aiueri'nan Journal of C-j; ht h.ilrnc logy , ::P2(5 , '3'P-667 
■English) POOi. CiPPEN: AJCPAA. IPPN: 0002--P394. Puklisher: Else-.'i-^r 
P c j ence Ins. . 

AB PURPOSE: To repc rt the use of phot C'dynamic therapy (PPT) \'/ith ^ 'ertep orf in 



in three patient? with chr^roidal ne o^./as cular i zation (Crr/) from age 
-related macular degeneration and a:- lying 

diabetic letinop-tny. Th- : ev^el ot :;La.-Detic retinopathy WDuId ha-e 

excluded tnese f^itrents f rmn ] ■ a rt i = . r at i m m pre\-.-ja5ly rep:rted 

randrmizea din. trials e''Ju.i.tina l-'L'T -./-th -e r to: r L .i n da-^ i r a vheoretic 

crncern dama le : the .■"'^■riving ret: a il v,;, 3 -ul -^if-.r-- . Dh^T.-N: 

Retr : ?pe :t ive i ar e ::venrioa^I ^ase -=e:Le.. MBTHOJ:- : Tr.ree i^r^ent. fr:ma 

lefetial f ra zlz .-.e '.nth at : ea.-'-t se'-er-e lonr.roL i fie rati'. 'e li-^k-rt i - 

ni tin ■pat.-hy and i nistory "t jlin. : 1 jn . t- n t :^i;::aiar '-lie:'.;: .;e\'e:jfea 

.f -^i-i-^n !tcn concura-nf chcrjJiia. j:-. --as .1 f- :-ati Dr. e'/alaatt-d with 
:].ct.:..i, anc; f lu.jre.- vein anq. ;> :r . i..e:>ae and .ifter PJl v/itL 
-/•r 1 -M" C' 1 :'i r. '.o lientif-- a.r'er^e re"-_n-;i] -^.-.-'ular events. I-.H.:''LT3: FDar 
ev-r:: in t.hie--- pat i'-r.ts' haa I'DT uj.i.n:: vert-tp.: In. Thtee eyei l'-- r^iV'-a two 
treatments. Wi th : r.ort r .low -up, ''i .•-•-t.-.l -i-'-iit / i^inamed ;-a::le 
ir. t/;. eye£ , inipf:-ea : r-jm .; 0 -ID" t. .; •; ' ■ in :']>:■ eye, an.i. >:c te-.ii e-d from 
^ . ; .1 t ; 4C In 'jrie r luo v ;■ -e ;.n .^n'-r.i. j ? r-i^ras .:it Iri* -r r '/.li 1. 1 1 2 

u-:; 1 ; J. r-K a:t-:-: r yp sn;iv.7--';i > dai":i..i .rr t :> th-:- irTrtin-'il va.- c.i ! ;i : tr-f' j l 
pf: <.riT-£ r. 1 :r. ...-t t ne dial^eti- t:^^ t irioj ■ . r ny, K ..t d.d .:j-i'jw a i-f^ "u e-i se^'i hies :>f 
t iaL'Lr- :;e i.;. :ek^:a?^' t (■■jn\ ■'If'/. One -y-.- M.at nad n-rw .: ...Ira e 1 1 r.a : h-r 1 :a rha :re 
t:.ll:wiryr treatment ap}:ea:-a t3 nh-v/ :.;u . :'p r> thy cn ir.idnl 

ev.ilu tt i .m :■: the p t- treatment an r 1 yi r :.r-i. 1 r:-.. pe ::t : \^e 

r-^\u a :t tei.i rr.si: t n-:.' .■- ■..xn e t.,. :i. 1 1 1:.^ 1 1 1'.-f; pt 'av. Lie'l i r. a i -.ai : e :i 
i.n :-.t ta; t t: :ti:'r---- e.-;iL" •/L-na.^ze .'a- '{ a* ny th-i^t w:;f- pr-^-erit i.i-dcre t.he 

':'[:■'[. :;h'.h' : jM;:" : Tni>.te p i.':-iita w.m -t. * i j i-f .i n:p i::hy u:jderr:ia;: a 

-:tc;l .:d ^,T\-'a\ I-'Id' treatments ^/i^.n - -e : t- irn; ;■ : i r. ir. lour -.^ye,- h ;.d 
n: r.e\.' i-'-^tir.-il ■ - ^ .: .:a 1 -i r .;i;.)n -rn 1 l-t_ ':le"':.'rp. 'J-:.- C'tner" :;i.y}::;:al 
^ J . ;: f .yK' ^ r pyy vj-t" t -r n^^ ed -n'.ept n-a; :l a;.a"'"-t rr.a _ h'^-Mi: 1 ra- 1 re , 

pi— daiir.r i n..:ia:.nE--ra CDnt r- i.-/t j L ah'.- ; ■•/■Ma y : r.a ^ ^ ; .■ -a I a re , v:n:jn ■ra\'e tne 
Ldil . ■:■ .iri:ire.f .-. 1 :-n : t th-' de"eL:pment :.f new \'.-; 3 -a I I'Tja* ny in : ne ey-. 
;'.:^ient.; wit. n ret : r. -i t]\y wn \\\\'^ -^ar. =ar rent .:>]V t : : v;li^ ;:n PD']' 

\/ir]-. -ei tet: :a run i .- t e .: jMri-w. :l-d nhonl ;; :«e r jned rea'i i:d- .a 3 tne rheM. 

1.: : n'-'Ma\s :>t riaimia'; zn^. r-:"in-;l ^ rr^a ::n h;i t a re . t'-ri nd^'r .-^ u r-.'- i . Lan je t:r 
;--a •]■. -T'jr. .:e t n ieenu-- v/^rran"'r-d unti- Mna e -"^n: e 1 1 er. ::e _ .:■ ^a ta. i n . 



A'.:.:" 



L9 ;o:.-v;f:y Or CAr lv;' w'jFYKIgh? . 

2001: :A^M:: Drraaien: :■ t : . T " .a i 4 ' r tep ■> r t: 1 n th'-'r--ipy o: ^ '.a: f ■. v-r^a . 

■:r,'. n :a d:i 1 r.e - -.^i.^ aul a. r i ::a M . n :tl age-related 
macular degeneration: . ye r result.. : d i r .aad .. :tu v<:l 

clii-iiaa] tLi --d. an:--Ui::i nj :-.:ia-i.s w.th e-a-lt w: an no : ! 1S...1:: ■-hjr.dcwil 
iivi. -'i:--:;.!- at i r "it.Lon - r t,-: :. r : .in :n | h^ t :'<.lyn.:ira a tner^py. r.er ■ r::. 



t'r a.' t.e}:a r f i n Tri E'ni. a.aiyn.^an 
a .<"i:'.n, .jwi". r. . /an-iar. :r-.a 



':lie.rapy .'t i'.ly aniafj, Ihj' '■■xVt i i- ■Jp;. tr..i am AG, 
:)a. rna_ a' l': )n*..h^; lrL..d. .ar".', ] t lyd , "4. 



r- 1 



nrig]-;rn. -ICOEX : A^iii^A-.. l.-fi:: .1 . r' J - - ; ■ 4 . Par 1 : .sh-; r : Fll.f-auer 

:." -z : er.'je I n^:: . . 

AB It v;a- :ieti:i. . t rh'.' t.w:iyn lU'n .■ -vhe-rapy ^ri a n - rt eraa tin c-in ^ :it-^\.y L-iaize 
Lh'- i-.sV. of -aaajn lc.a^ : r. j: ^ •: ie]-.t,-. v/itJ\ aat ic J aneroid;^. 
nei. "a:- an la i i z."i':._ : n aau.r e':! iy age-related 
macular degeneration v/h :> re .dentitie^.i i.utn •- l-^i'-'n 

c.-JTcq :.ied of ":.aUt witn ru .•l.-i.-a:rc .aijroiaal n-: d" ui 'iz^.d a r i_ t i . n, :a v;itn 
] . re^- arie'il e.- r . y ':;naet ::i a;. 1 a r Ci.L:.ai 1 n'"-'''"£i ^ . J i rri zat 1 ■ tn v/lzh. ifi-wn:; -.visual 
acait-.' I'iZK-i:- .L.ajr^r. \'e r r.-}: :> : : in ( -.■ ryr rx: cl nody 5utt..2e ar-ra) zr 
}'Lai-:eno \7a.; ;iiin..ni .- te re :i i'y i.-a i n 1 .i.:-i Dr. ^.i .; r.ih or-ei' iJ inl:,. I: Min 
aftca the ^*:..rr zt the La:a.:i.n, a i-:i,:-^'r ...rch: -aa -■8.- nru d-- 1 L -.'e r- -.i J J ^ m2 
].>y of pi i ^ar i an of ,-ai inaen.air.y of 6 luW ii\2 <:\''r :: : u. i_r.:; a iiy aize 
uiali 1. 'Diam. : jOO . mu . n liraer than ''ne are;:te.;t l^n-.i^r d.i :ren : :. i^n ■: f the 
cnor^r.dsl nea^a.i :ri. ari z it n" n l'--,= :-on ;n tn.: let.. n.t. VVwt.ep : 1 f i n- ta ea ted 
p.aaient.; re:na. -/e'i treatments o^'er tne ^4 r.<:: f f '.'ll <: v; up . l-'y 
•;ne rriDntn ^4 -..xamn . , ^'4 - ..I th- ^ 'ertepc^ r t.^n- are 3te<.: p-utaent:. /am}': red tC' 
67- 'jf pla zeho-- re.ited pat.ent,^ lost at .:ea5^ 15 l^:tterr an'.i ::0 ■ r-. . 47- 
lo:.;t at le.:;.it 30 letters. In "he suharoup cf }■ at.l.^'nt£ witn a ba,- eiine 
lesicn compn. ideiiwLfied a.: oc.:ult choroid<il ne d' 'a^ cul : i z a ti : n w-..th no 
clas.E-ic chorc:..dal ^ -as cular.; z a t.. on the re.^uits v;ere 55 \a . 63- (le.as af 15 
letters) and 29 vs. 47- (lo£.s .„ f 30 letterLsj, re^p . F.e,- ults if the 



subarc'up r^uggested that the treatment benefit wa? 'greater for 

[,at-. eut: with eitrier :^maller lesiDns 1 Dwer levels of aciiity at 

':,iS'--l-n-:' . A severe d-.-crea.^e ^f ^-^Lsio-V (at least ."D letters =ompa-ed with 

-.:ie v:. 3 ^a_ iCiity iu?t r^ef-'Ce t:i--i treatment) V7a.5 t'.-iunl i:i 4.4- 

.)f ■ 'ertepi'r l;in- tre at-r 1 tat^ent.? \/ithl:i 7 d.ivs ^it\>rL treatment, 

the re?-..;t sf the d'-^velor'nent --f su;:' r'-^ t ir.al pigment 



^ i "feci t J 
-": p 1 f. :i< : i I 
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U3A; Aip.-.n. L -.Aim^.^iy : English. 

^ABSTI-ACl 13 At^AAlAtLE IN THE ALL AND lALL AAA-IATS^ 

Purpo^^e: T evaluate the safety and efficacy c^f repeated photC'dynarnl c 



therap^.^ fPDT) uith nnnc-L-a^.p^rtyl chl^rin eo {NPe6} on normal primate 

fr.^-ea r.nd ch'Tr'-^id. 

rieth^is: Ha -.a-a f-..r^cata n: nkey-. vjer-: u.^ed a,, exper i menr.al subjects. 
Ml-.:. . -L--- asf ar*. -hl'Ot..n e-^^ a* a cl.;?- or ?. mg'k'f ua- administered by 

a-eri:a.i .. n :a -it . La.'-i-r _ r ra il^a '.ion v;,ts .-ip: di-Bri within 5 minute.? using 
a -i.-.-a-nm aic<:i-- _-..5-r <a. pov;er -atput or: 5 , mW ( .'S ) ^W■'c^(2)), -;^p:>t oize 
of :,.'>:) mun., an:l '.l-U' -L id -er:.n;n:. Thi.: r-:-ateM :_n a iLu^^n-e :.i 7 . 
J ■:m(. ; . Tni'-e :: .m.- e L'.nt i"- PM' treatments at 2-v;r'ek inter-/:ilo 

fv .-.{•:{: 1 i ►E-a -i.-.-e f t.n-r- cen* er : f th-:: f j'.'e.i am. I } iOi. t-:i' . j r fundus ne.;ir the 
d-T -/e-^-r^.B ot ■■-a::h --ye. The an.iuai.- \Jef:e kiilea und the eyes v/e re 
enU'-ie at eci f r h : s* 1 cj ji stu:ly _ v;r-e<-. .ifter "'.he: laj: treatment 



■•■.e.: u It;.: .j iru te^-i 



:han'.^^:s -i-ui'i : - :';3er-.^ed m tne ien-^fjry retina un^der 
:fnt ru :uv'.= ^p-.- . • 'n re ;:ep " :-r vdls .-.nd '.'U".e: e :rnie:\ ts v/ere n-:t dnmaifed, 
f-;-, aL:er i vii.e.kteu F'UT. F'rol i tie: .n: : .->n an-i dup : ica".l -jr. of tne reti.nul 
pi TP^ent epi tne.l al ce.:!.? v/er-r c:M:ii'nn funding: - A la. lue jL f.:.bri.u.: tLS.:,ue 
\hi..:- rier'iu.t, i nt e r\-' j'/fr-n vn t}. ret:n-:i^ rugiient ta-c t r.-i 1. 1. L cell.;., in ey-iis that 
i-., 'eii jer-itel fJT. Th- r 1 1 n.;^ :. .: e r-riiiMne..; pE.tent e-en at:ter 
Mnr---e i'lni l1 fJT. :-['iv/e\''r l , 1 ui niu i ti.e mo r i Dca]^) i i...a r i s and the 



I; Iter r-:-];i va,t 'i-i:i r'L'T treatment 



il r'.:'T .'f n-.-il".:-.y n-^nnuma:; piinitte funili -.Jiing a 
}r,v;L :nhi 1 i - photosensitizer -XPe- -ni'-:.;, u re:^- i va -i i on jt the 
ne iL i'- en^ vry r-^t ma .xnir".-.nen^ arid ;,.:•:;:. i te :jt-..re vu th d aitiiige -ron fined t :> 
-.ne i-tir.al vi'.naent -pir!\eliiiu nn'.l ■■:h : : i ; li.p . I - a.:u , 
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■*Ab2T^7v:T I : A'^^:L;.r.2E IK T}iE A:,2 ;2:b 1A22 F' ■ * 

AB i-a iyii'iunii: ?'ni> t : ilyn-imi c mer-iiriy : PT'T li" a 2:e 1 ..t I'/el y newmcdiility 

^.n.iit If: lui t '--ntLy ..niler jlinii-al. an^:; enp- r.Lm--'ntal -am l.uati :.n li:>r 
treatment 'if aui> f oi'-E' ::h:-uiC) : 1 n-;- 'a.: r i.z u'. ::dV: . Tne 

a-.i::;:-: z i e;ic : t tne m.^e '..f nr. :^ ■■ y-;-.;! : - ■. Id vMiiian wn underwenn 
v'-r^e- pi t t in nieriiate:! PDT for clii.nM: ul ■ t ■r^'-a _ (.IT.^ Flujresjein 
<-in'j 1 r iif hy pe ti lu) rin-E- 1 2 ij-ne^:- af::.er treatment d:;.::- i:io/;e i 
i^-an-ti:n : t' t'nK- iiiit-ai .;ire^ o t: neo- 'a.-- i:u r i z -dii Dn and Leiik.-ige by 
a|. :■ :i:-:in.ar e b ' -52 . T:uee 'uee-..! -E^trer rd)T, h'i\/e-.Tuu th-- arei; lerikiige was 
airu.uBl in'! s.mie .:.ize us ^hat: H'eiire treatment. The fnitien*: 
unri'- fv;en: .e ubm.i-i'.ii a t meml r an- : rt niny -iLmj: ". A v/ee};;;-- al ter treatment 

The a.;t:.'ir.-. de.Ecr.i::'e th-- u . "ir ^.e tru rtur it s ■.:ul ;i r zhangei' .tfter P2T E^nd 
a id ini I- 1 1; at;)iolo ;ji : .^ tudy ot: :i;l e. .-.i i: ZITJ. 

:ie\h:a,Ev: The E.ubnLa<.:ul. i r- m-rRbriuie v;--; .^tud^ed ly I ^ ifnt ar,i ele'iu.ri'n 
iiu lu c-i f y and j nmun I'bi.E tijch-mi i:a... te iinn.n.iUfE:.- . 

r.e.--u l.t.i : 111- ras 1 1 va-:tu.:-a 1 vxaminat.L E^n tne pe::ip'nerai veisel.. showed 
ev.baenc-;- cf ^ ^ndc t hel i a.L '.:-ll le irenerat ^on v/.i^h f.2:. iteLet .ig gr egat.i.on an'! 
thri'miuE f:<iu-mati .nn . jo -a :: i on.:. 1 :ou]uided "fii. i ^r 1 .■■ v;ere sirirounded by 
ma'iu-o]. hagei , a phencmenc-n previou.-d.y rep' ..-t.ei.i "o ies :ribe the process of 
res'-rption c: f iu::h bio.Dd ves-els. The -/e.u-jel^ .in the center of the 
meiTLii r,;n':- v;e.re un rema rkani e . 

Conclusion: Phot odynami c therapy caus-::. endothelial cell damage, 
thrombus formaticin, and I'ascular occlusion of cla^aic CNV in age 
-related macular degeneration- 
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2001 : ■■P5''-5C n:.cumrnt IJo. I :•■ 6 : . -33 ;- 0 9 Ph ritodynamic therapy and transpupillary 
vherni: th€' [-ar.y tcr 'v cu 1 ar iiacul^pathy. Hayashi, At-sushi (':'£-£ka Univ. 
;radu:.te Ked., .■•iLt.a, a a , 560-^:^'!, Japan). r^eza Kenkyu, 29(7}, 

.:2?-4:7 i;a.^aneT.ie: 2 0) L . ^'DEiJ: REKBDA. J33N: 0:87->2.)3. PulJisher: 
Ke.:,; :-a ';k i . 

AB 2-- i^-\'iew. • no' <:'d\'n i.M- = t;i-:afy ( I D'M .:.;.d t. r ans puf ill :^ ry ':herni: t herapy 
':"2'2:i a::e n- '.J treatment .v.il i * Le- t :.r :■\^a Lai ma .:u J. ^pa t h i 
. i::. as a i . :jd . v/.th age-related macular 

degeneration. •:: -'ri-^a s : : ot rwc .rep.. Fir=-. phc : o-.-ns it i. zing 

vy'-r :.re , n*. i-CH.iuc-f-d i . •/ . t.a:';::\ oy r.^': '/a = 3ul a r :_.-sues. Then, laser 

:t ^rM-o:f:;' v/a- ^elen to .-.ti - -it- : he ph jtr ::.en5i t izlri'.j dye i,- ^^filied to 
r.r.e r.-.i-'-h - :v.,la.f tis.f.i*e^^ t :• J^cid- rhe '/e .r £ 1. . Vert-p' - rfin and ither 

: h 'irii,:-. : . Ln<:: dye.- :ire i:\\i<.'A\i-e:: an-'i te:-;:nt lesul:..:- 3f E'DT aie 

"ue.L ti :: r:d . TT'l' i ;^ an.Jt.her aev; •i^-.-h:. ] :p..v f'jr tL':'at:.ni? n--; L l :in an:, m-rlanoma 

, 1..:: re*. i;.a 1. neovh... jular M,:. le. . TR 2a.ref i- appl^-.': t: sal; retinal 
:.i:.^..e.- tj .nrrea::e *.h~ tern: . ■ : the ti-o.i-:: .ip tC' 4 ^ - ■ de;iiee.: Recent 
:.-.nl:.: o: 7:T ..r^: i-: -r ir--- :1 . A.^h:. ■..;h POT -^.na TTT .5 Ai 1 1 nave pr:biems 
■iry. 1 int-.tat. :)n- . we v-ir^ tr-"-:*:. i-i:.r-:- ^ati-'-nt- v;: t a necv^. .. .;-i2a r ru;; ::u 1 cpatny 
: ■/ r :.e.rt'' new ':her .:-Lp i-vs . 

po yORd-;;-:!^, '^r- -J':-' 0- Mr^RRINR R;:'2;CA']'E 4 

20013UV<- Do :'-^ien^ Hnrit^-rr: 2R-;--4^. ?..nHe.:l T2.>: 112512. [ Phct : cynani - 

t n-rr-v.t; y in "noiLidal n^-w \'--.- e- i-- . . rn-";£:apie i.nct odyn.-:iii 5 ..e ^i^ - 
i.r'. "'aii-;-..-a'uM :;h<: r.ji :li en;. . R "ur r-hne -A ■.Ain.i:p..e (Of ht.5 In" L ^ ::i ■ jue 
■R.i '-^er ■ .A : e, -3 0, ;;venne \''--;:dnri, ^2 Ld'eteii, EL.:n.::e. :*OU?.NAL 

Fff-JR::;dS R -PHTALHCdAial E, .2:. 2vpr; 24 '^l 4. 1-2. Re::: !>. 2:.arnaL code: 
:2.N: ■: 1 j - ' ^ A . [ d'. .:-'..ntty: Rrar::-. La nc;.;: : Fien'-n. 
AB r-n :t :w-yi-ia: u tlavrapy • RT ) : ... n^-7 -;ipp::)a=h toi ub f ^-va . ch:>roi':laL n^-w 
•'e:.;'d.^ i2R"'; in age-related macular 

degeneration .-a.d myj]. ic;, r-ir- nrAy riein^;: evci^.ua*.-.; ir. 

:dini:vi:.. tt^al;-^. PLA' a wi:* - t.-^p i r :■ t^: : tne int t '/en :u.; perfu.sion of 

.-. photosensitizer la lAll:'\/--d l.y lL;:nt . 1: t ad i./^t iori at me 

.-■:l".jAe:: v;.i\-.-.A.en(;rth . ''eite;;' :Adr., ' h-:- photosensitizer n:.;eL: 

1 r/a-.; r i gati : n, has ri;.>:i:u..rii rd;>jLpri:n •:9-.nm. Pha..- I and II studies 

■let e rrui ne :i vne aettinj.; ne7'/a::.-M:y t: ::rt.^An :)ptima2 ef;r:e::ta m humans \7ith 

'erte}::rtAn m 'he phn-e T I : .:A u-iy . \t na.i 1: e-n shov/n rhat thi.; 

treatment i- ei:i:;ient and : t e.. e i '/-n:^ initial "iiuai a.;\.ity in . - 

. t \^-tA.ep jl : an- treat-- i-i AK-I '"-ye.-: Aw= :^ pi -;er>o- 1 r-i :rt..-rd eyes at . 

y--:j-. r 2a .'L'-s ::e:i n an n. : ar ;iJ. ::'jll:v;-ap fAund a f hot : ■ -■ - :1 u.-; i : n oi the 

2:a' 14 day;- af:*er treatment ]'.■:: ^\ i :::Al:.we:i ty a p.-.rtial 

leptj t t i jn or r ep r :i : :d er a " 1 C)n :> i' the RR"./ at mord.h.s, :e.-;alninc: in the 

:Leed f:r i-E-^ea^ed treatments- "^Wij y-;-:a r-e.-alt.-; :>1: the Pha.;-;- ITT 

L 'ind jriii zt:- ; alLTiical ' ::ial ::e .iMoit-vl. 
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■2~an':r, Rol l-n V. F. dillef-- : :: 2hHiri-i:-y, Dalncnsie Unve-sity, Halifa;^, 
:j.r, b2H-2-S C.n.). Idrug,:-, 4 ■ A , 2 M - A.A (Engl.r^h) Ir- )1. i:OjRN: IDRRFN. 
1R2RA 1 2A ---"OatA Pn;. I i 5' he f : ^'utvent RLuai litii,. 

AB 2\ :-e\deu \;if.h '?^- re 12. . Ph "i tin-h: i.;ycj ic.:- i :■• iae\'e2c |jing tn^- 

photosensiti zer, mete::.-! in .utetitji \rs /.ntc.in f Rt th.e } ■ .) tent.t ^ 1 
treatment : ten i : an^l a tdi-^iv..n:d e l >ti z p.:.a:iues, htitcm tie r 
"no p.o.;si;l'r treatment of Vinit^L', :ir.':J 2'ptrrn ioi the ri^.^sarle 
treatment : 1 age" related macular 

degeneration (AI-ID) . A^ttrin: 2-. pha.-je RT nijdt 1 center , t . a Ldrjmi -ed , 
.-ontcolle,; ,tudy ir.\-. I'.'ing '.7^ peripner-.l aitery di;:ea.- -i ;PAR) patient.; is 
1 e.ng i-ono"^ ted m tite US. It t de.i w;ineo e-/aluate Antrin 
} hiji- oangi -P'.. asty a; .i prim.^ry treatment for PAD ar.d t'.'.c tne 
prev>snticn >■ f restenosis f't Hewing halluon amji'jpl as ty [341341,347151]. 
Lutrin: Luo;in is be;, ng de-.''A.cped :■: r the pcssiide treatment cf 
a no. ■: f ca:.cers [34-919]. In duly lR.-i7, the compd. entered phase II 
trials fcr breast cancer [ 2 3 9 52 , 32 2 J 2 2 ] . In August 2i300, tlie compd. was 
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EOi:H:-";A l;-2N: :4n5-*v: 
AB A ie":i-v' h : --^ -el^J . 
n. -net; i enr :'f i f ^-V^i n 

treatment : t pavionn:. 
age-related macular degeneration 

..:2.[D' i-y : h : t c ayn iiui c nner..py i PIjT ■ . 2Jir^ .: '..he ieaaing cau-;e c 
b ; 1 nc.;i-.-:-?-,-' - r. tnt- ■■ie\^f - lO] eci ^.-.^Jilc:, h.tl f a million ne\' caees of 

tn-.-: v;e' :-:;:n pen y.r . Ti.e -ip}):o-.:.l. l: au. I'-ne tl.erary i *-p t:e ,^ ent ;■ a nLa:or 
rule;-^.n- i r. c par na :: nn. 1 . i^n-:*> ;J^1D v;..i.;; } ■ i e- na,; 1 y unt reat.z.bl-r by ..ny 
n \-;ni:'h. v/c. .nl d pi'-f.eLV'- --ni sn.. j -'.-s.-.:n. i" waa ai-:. a nii.r-at.one in 

tn-:- d .!.-•.-!'.•: ■ ::rienr. of I'l'T, nc-* -n !.y b--ni.-'f: i * r---} .re : enr ed the f i rs- 
b 1 - ant :.i -n -n in t ne U:.- ni r'LiT nc " t --.r ..n .j--.n'rr\/i 
c . nd: t i t. K, nut ,;..l:3o be .:.iU5-- : ep i -n' en' '"-ci -be frr 

treatment vn^ete j;. re .;-.pe .; ' f r: /\.b * ^.nm J :a.n.incLai return jr. 
rir.ny y-ar.; nf inve-niien'. a^ r -r,^ r to i • inr.ejy. Ir. tnis atti^^e, i:'0^ at 

T.b.:.' l.:^■na7r . ana n-: the d-/e. ■ r-.- at BI'D, n r:.:ii..rid.y f :> c .it- aie -.n /Jdl), 
ba.: a.l : n : t ne.t c-.p^]' b.. .nttn n. . 
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20016::viJ4 p.-. -:urier.-. ICur^e::: ^ .2 n'' ■ o n F^nblle.^ 2l): .d.73:-4].. Bci-.. 

m ::rea::-f.^ -nr.tynn^ <: r endo} ■ . ; ■■rn: a i -.n^.c-.;! un C...-+ .rtoiies cb.rinc: 
j..a:'t.n:r./n.uii t.net apy- i.nduced ..p.'if t:..--i-;. Jrvrn- llo D J; Fd.eblMiann D 0; Choy 
,r y; y'i— .:iy h A; Hunt 2 W; -■■■■n P^rvnen !; M..:I-binua 3 M. ''OBC Mc2ar.a]d 
Ke-e,.n. d\ 2.. n zun. ■ ;o ri e.. .u.d Vn-- i.nAP'ii 'Au.rre', 2a. E' iui ' r H p i L 
ea. -ifr.^ -.'^r ■ 1 ty :> f :-,:it..-n :.b.riU)ia. '/;in.: n-er, Bl', Canada. ) CE22 :ALCIUM, 
..;0. :A:-^ ;-2 0) n-a-'-. 2n.rn,;a "n^de : rn'22_6. loaa: : 1 4 3 - 1 2 i . Fub . 
j ant L '.' : 2 :a' t] nLnci : bnit'-d rA n^ :':lar:i . 2 ^ni'.r- "-g't : 2ngli.sn, 

AB Fn jtoayn-ti'ii - t.nenapy 'flC: : .-. :: n. .n;22y ayv.nj-e<; fjr the 
treatment : f £e-.^ero: ty: e- :1 ::ancer ^ir- we . i n- age ^ 
related macular degeneration, tne .•■- i.i-n;: 

caja-' t:: tiindne^a n t Lm -rla-rLy. 2^)7 n- ir. : tJie photosensitizer 

-..-er^-i jnim naa been pi.-.M. ly ^.hnan i ;-.;iu Je r:ipi:i apcrt.nina "ra a 

ri: t D d\.jn..lt ia 1 - -aap-^ae j. 1 1 :>n p^thv/ay. Tne i.m}':ict jf Fdd' jn :a.;2er 

cellula.: . raane 2i e.- a.m. a.-> tne ena ..p n\ ■ ::a .: r-v:i .•.■iluni (EP.) La undefined. 

Tne -rte.it :.d: F2T -n Ln^ ra -:el 1 .i2a.r ■A.2- ■[■2*2-.i' in :antrjL an:i 

- --1 ^ .:.x|;,iea^' Lnq H-2.^ jello v;a;: ^ ^ -.e i. i . A i.ireater [2:i2 + ;i. 'ranaient 

v/Aa 'ti er"-:-d f:.r B-n-2 ; -^e roi s i n ■[ an r^■.:;pDnie t: ?2T. Tne 

?2 r-: n .lu O^ai- relea'^-"- vi iiue t ":he - :r-ipt..y ing :;f 2a2+ t r ^lu ER .nic; 

pj^a-.rly r^i i t:.ch jtl d ra. .i L ^■*;ol-/ -^md -a.a nc " : .e t,o an influx 3. Ci.:*- Inom 

tne rie.i:nur'i. rcr B :2- _ - " : aii.i- te-:t:ea .a-'.A-^, ta- cel^:ase j f i2a2 t ua ; 

ii-i-Di-iv h-t- aa deteiTLLn-: by o furtJ.-r [''\:2-]'.. transient t: r :>d.n:e :i by the 

<;j -niLt i M\ .f t.he Ci^- L.'aap].-:'-^ i^tn ■■::iv ir. alter P:.iT. F u rth-- rrn j r e , -i-'Xt r v. s i nn 

o: nca; inca"; n.- .• ul\. I e Eb-ai-^ i La* '--d .-: e ^'le:-; t r a r ion :f ::a2^- 'na- 

rMpa..ie(i .fter rd'T. T.mn.:ar:-L- nv Si-taaei ;a a ' -d ..e^ rues : r at.: an jt Cil f raay be 

ri^.:: a,:. Lmried: it.e - . , pa . • ■ ~ :.ni.lr.-pen .ien- d--a i2e aii-ri jf sa i c u ^endop] as mic 

r---a i. .:nluii Ca^- AT?.;r;-t— : ;2.a;-AA2 tnat a .'Ur-ed in re5-pan;e tj PDT m birth 

HvLi der, -.ni Bel- 2 c v^e r-xp .-e ed He2a ^--il . In aumraary, PDT andacea the 

ripbi de fi aiati :)r. ol SEbCA.. and teieaae -f rZ'R and mi : :> ahc n i r ial Ca24- 

3-:.rea. 2\.; t:h :mgh r.'erexp re -s l :n of BcL-. did not protect against 2ERCA2 

d---c' rada -a. n, it may inrluence tne reiea. -f -232+ from EK and 

m: t ochoniirial atc^re; in PDT-t: eated cell„ . 

C_pyright; 2001 Harccurt PuF-li ■ her s Ltd. 
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2001146431 D.rcrient Number: 2103o572. PubMedID: 11192207. ^ Ph :.t odynami c 

the raj: v: sn^ ddlng licfht Dn tne bioc:hemi'::.:tl pathwayo r-qul. 1 1 ina 
i:. jriT'nvr i:i-nr-diated cell deatli. ^rir.ville D McM.:inu£ B M; huur D W. (QLT 
= . /v^ir.c: .ive-, 2aK;ida.. da rajivi 1 jlt in :: . = :'m) . H I STCjL'" ' ;V A.NI) 



HI 3'r :>r;.'rH.'jL< 
:2.^;:: 12::- 
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,1, i,.OCi Janj ;i) : ■19-17. ?:ef: .M. . J'-'Uin.-il ztj^ le : 6609357. 

.m. 2ub. country: .:-p5;j:\ . Langu;>ge: En3li:.h. 
AB IT. . .riynniTLi.-. ther ipy (PDT ...o -i cddnicilly =pp::— /ed treatment 
i :>:: *: h** :-:'U-ur cof.'d^ t: ion age related macular 

degeneration, and ceitam tyj-e:: :an :et:. PDT i ::- alsL'. under 

1 nve- 1 1'j.^it !■: n tor jMier Di-j.-ir, a.:' well "i^ , iniia.ine-me<.;i .vt.-d sn'v 

; -McJ .-^ui.iu: iri' li -at ion.-; . IT'T i.? a tv;.;) .£ ter pi i.^edure. In cli-r lirst 
photosensitizer, -.:U.-dlv .i porrhytln r Lva r;i • 'e , is 
dm^ iii^ ::ed and ti-inn ur^ c-dl". Th^"; ;:e:::'r.d ::-"ep in\^::.-e5 <..-:t i\^a ti Dn of 
photosensitizer w\.th /pe.dfi - v/a" ^el e;i :rt h :1 -/i.^iblo li . 
l:.xv):.u:e 2Lght :> 1 ui a 'jt i- 'a 1 1:. :: \;a^''.d.'-n ;f tn . r-iriLe r t 'r:i r-acti'e oxygen 
.: jj e ^ v:i:n;.n ceil.;. : :;n: .li nin ;: photosensitizer. P^Jl' v;;i * n 
r: j irpKyiin photosensi tx zers .ind\::€- rapid .ipr.ptoti :::ell d'-;ath, 
',r !:--'en^ Mb: .:n may ne at:_ibut-d tc. t:.M :l:.i';- d 1 . n tnese 

: -".nd:- wjtn lai *. :> ■:! . xid ri a . T:..= , PDT i :>:. a^ T !' :i ::t i n-ri-:h:>d t d treat 

1 [ Lri-T.^s ■;-'_.--n as -an;:er, i r.f:-:- :t..: i-.n ^ , a-..t.i:-dnLn\une di-i^rder.-- ar.d 
:-er'-.ir. c i r MC'Dva s -u : a :: di .■■ e., ■ e.- in uh: "in tbe ap :}:■:. :>t i j pr--)jraia m:iy be 

jmr r :m..;L - Tne pr-'-sent r-E-vMt-; exanm^is t.b-r ::ellal;;.t e"--ni3 i:ri:fc:ered at 
;eth..J an..l .;■ ub.l etl. a . PPT ri:c ^.e anl t.h-- r t -r 1 tu : i".:; hir t 'ne - .;b.:;equent 
ef li'- -rxei^ed upjn ::eli.'. 
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20023v2}:.-: EIIPAPE Ph t j^dynani.; t-:..'t-apy w:*.n rtep : r f: in : ;i n-'^w 

treatment in .jf htba . no 1 c ?y . Mi.;ael£ S.; ■■ :T.inii:i- - Hr Currh ■/ . . Pn. '2. 

2 ::h:u. -E:: furr n, "ni^'ersiny Ey-r HjStviP.ii L .'ii-ir c r'atzvbur ;er ee 169, 
L-2-^:: Lurej-:, 3--- r::iaji y . u.l jnnii Ite rd:u r' h nt na . :uu- 1 j-^b- .: ri . de . Peninars m 
■:fjhr i - ^.Im'. : : :jy 2 6 4 2 M-. : - ^ ^ : j 1 . 

l^.eti^: ■; 3 . 

IP.:;::: i -3:.:- :)->:•••> . -'.ODKN: 5r,:»?i-w . pMr. . Ci..unt.: y: N-; therl-in . Lari :ruac:e : 
En|Ji.^h. Puririaty L anrjuiig-;- : Eriuli^zTL. 
AB r n :r/n.;;rtii - ther >py -i ^ PT v;:tn \'-:: t:vep:.) r t i r. ii nevj treatment 

:u::.da;ity :n ophth- 1 Lr'io I : gy that na^. pi>-/i i u - 1 y .;r.^v;n its. :: Ee ;. -er.ei: s in 
treatment t; ^^d:U:ty of n^^jf ■ 2-:ii td. : j.i.:^t.hcd Irr.: . In T.h:- 
:h'"n"-tE: e .It 1 :■ ap};ro'ich, fh-E: photosensitizer '/-^m t^rp " r f: iri i.- 
::ti "^.t e^i by n- " n-;- r:i.;:i 1 Ihr-^i lijirL*. *.o hi:i -l:)?ur- f ne-:)- ^ T;-.cular 

■ tru -.tuir^j . * Pr^L-clini rri.: sn:; vl : ni :;a_ : tuiii-; .;- :..iv- in ca ted th ;t I'D? ls a 
s^t-, -e ; e ::ti -/e, :;n:l etf:e'j:i"e treatment t:r -n-j : :> i:ia i 

ne -i;! ;u 1 itizat:. on ..n age related macular 

degeneration. No / i .in . t i-:Mi-p. a:;:nc::re to the neui j:;-en3 : ry retin.; 
fdoin:;, V7hi-:n e;-:i)l-VLni v;hy PDT '.l^e- not c.u i e Il^l::- :> f '.'i.-MiL a<.:.iity and may 
l-.e j-ed in -a larger p u h.t ■ ^jn td.-^^n l<;.,.er pp.: tc^ a :[u h.it ion . Th_;-. review 
.^umiu-tinrre^ the iiiech^n ni.= :1 a :ti:in o l PPT, anci ^ne r^^suL's :>l } > re^ cl ini cal 
an'.i A:vni.:al ^tudie: ir. op:'P..na 1 rnc hDi.ry . 

L9 A:h^v:EF, 2' 2'E 2: ■.tAhh'h:' i.:jpvp::;ht 20 a. acp 

2001 : '■■16 ; - LAouiiui-nt Kv . A3. 5 : ^ H . A- Porpl'.y ri r. - b.:.£. .:.en.- i -i ::e r- m t.he 

det'f- -r ...ijn and treatment o2 i.:an-:e.t: _ecf;nt f ■ n OLfr--:: .: . "i--;ente, A. 
G. H. P': part;iiient ,:■ :r Pheiii::-try and Neurological Pur^-.-ry, UnL^-reity of 
0:ali : i^rn i .1, D.ir/is, :-A, '-5»dc., "OrA). (A;r -entMeai i n ^ : Ch- mi - ^ t y : 
An-.i Ainoer /.aent,^ , l.J), 1A2-1-; (Engli.i.h) 2:0I. uOO.'EN: CMCA Ai . 2S3N: 
A:m3: D1:-. Pul:li.n--r: Bentham PcA'^nce Publionei.; Ltid.. 

AB A r---l<:u ud.th 2 91 r-r-f:3. "3 t :\a- heen knov^n tor oni-:: tcrne t;hat fCirphyrins 
.:ind re.l.ated cciinpidi . ha\'e ^ r.<rr a;dlL:y ti.' s e 1 -E-ct i'/ei y accumulate :i.n tumor 
*:As:: ue;-.. , and to p-.- r ,:■ i .■; t. th-::re 1 C'ng peri-od.i jf tdme . This pr.:>perty, 

■ ilonr with the \;e.l 1 -dcs cr.i b« -d pnctophy; . anci };.hot'j,: eno i t i jing properties 
'I't p jrphyr m-type mole., ha.^_ led to their pctt-ntdal use a.^ ad; u^'ants and 
sensitizers in a "ariety C'f medical appl ica tic ns , such as in phc' t c dynami c 



(RT) and in mag 
b ■- na ry :;- mcer t 
srn.:- Z';r .? wit 



therapy (PDT), loron neutron -rapture therapy (BN:T), radiation therapy 

.etic resonance imaging (MP.:.). E:th PDT and BNCT are 
.er=i.pie.r r.hat rn^.^oL-.^e act . ti^jn :f tis.vie-localizod 
. eitlier light {:.n :'DT) or :.ov;- en-rgy r,eu-:ron5 (in BNCT) , 
In bDth -if the.~T t ^e.r:ape' itic met;ji .;ol -'jie,: , ::al tumor i-c^ncr'-l w^th 
m-njm,il ,:-i:le eL:'er'..s ntive tci j*;ie: form.? f :-ancer treatment 
(.-ur:Tery, rad L'.v. ne faj y , :;.hemo the r iipy ) ran ;■>-:■ ..^rhieved. ?c■rph^.-rln;~ 
c 'n;^ t ut e a :na"or r-a.-£ £ r^n a rri a . ag-nt.-^ ruirf-ntly unier 
m-e:; tigation . Pnjti.nran, a pDrpnyi-in deri\'., ha5 been df]ro-..^ed m "he 
U;-A .IS d PrjT hy the t.S. F ar.d D:u.:j n: .r t ratic n ( M'A} , and 

a.,;: m /ar^an, •'^ruir, an:; in el.e--n Enrop-'an rruntiie;. . F.-- rent iy , the FDA 
apf't -'-^ed "'i--ud-/ne, -mothei. p.rrrinyrin r:eri''. the ?[>? treatment 

oi " ti^-.' " -./e t - £ ' ::ifi" : age-related macular 
degeneration. I- uicin. *: j c.inr: i treatment pjif nyrmi 
.ir- 1-5) un':;er i n/-; : :ra r : on : ;. r ippl r rat: i in tne- treatment of 
.1 "3iL _':'ty :> t ''rneL l.i :. ea ^ -v^ . 

L9 ;-^]::v;^r. :> of ^^ .y: ;■•^^Af .ch -^jpypi :;ht 200.. i.;: i duE'LLCATR 

2001 : i.'.'.T : ^: 'The ■^--v. . n-- Arti.de ri K.j-iter: -llir;.:. T-"-:-: aprLy r.Ln:. : neu 

,^>,.,r j;. -: dr.it :;■;•■ ^ei ■: p ni-nt . M: :ly T ? ( Korrint ) ; :3ei;jlei r L. Pliarnacyrl 
Tn'r, :-:ArTi'r.; A" , S .;nny 1 ■;: , :'A --^Oe' I^.ejrint); t'lia rniacycl Inc, 

.Ai:iny-.'n:---, ::a'.NA-; h.:;A; "n^-- T-na.:, I'-pt ':h'-m roriem, Austin, TX 787 12 

'.ry/,/ .nj-'kiJA:. :'F p 'j-.Tii-i?.::':.-. a:::) :-HTHALt'i -/a:; tx-l/ i f:-:!:. _A)n ^'-^i. 5, No. 2, 

1-4 A-U. riid_.:-ner: /"HN LhV iONS hTL'. oAFrlllS hAMH CHI CHhSTER, VJ 
/:tyr^>: 'O:..;' V".), h:]AAk:;i'. IS.-h: . 'A:-: - -4. -16 . ?.h. o-.ur.try: UiA. Language: 
P:n.:l i:- h. 

•Ab.r';AA:T i::- y:.;A[ LAbiF :m the al:. /j:r- A\Lh r 'PriPA:-- ^ 

AB 'I n^-- *-.e:-:iir hy r : n:i ■iL'.- f t or y- : : j 1 rir-v -il ■ :■:' ■ r':;:i n .ir i: l ^ exp-iud'-d 

:■■.-:: nyrrn;:; . Tt;---- L'rpi^\:ent a I'l a r- 3^ .'ni :;i;f cl.-s.- :.i p}i :vrr\a rol ■ ■ pioa I .-iger.ts 
tn^t /^njvj r].o:ii.;.e f r an ^ir-iy :j: iir-a : r 'il .-pyi ; cat- ;'n5 . CuirentLy, two 
■i 1 : 1 -ri t wnt'-r-.-: .■h.il. I^: A-.nth : lie t e:-:a}-)hy ri I'l.:- , n-iiaely motr-:-:a:in 
;a.-l: 1 ir.iun G.l-Te:-:, A a n-a n.A f : n iute^i--:'! :L-..-7e:-:, 2), ar-r in-^ol\'ed in 
::iui t ] -cent-M rAmira: trials tit a "a r.! rsty <: r . r^ai c at i ens . The first of 

.r^-renT::, l-jrYTPdi: r.; nio tv:-:;i : i :i ::ad :>! _ni iirn Tn;e'rtron, ^s k.eing 
e-j 1 ua t* :d j;: ;i ^o'.en\-al l-iriy r.'i a : a t . i.^n enh.n^rer :: r. a ranlomized Phase 
it: riini:-:3il \rjai 1 r. farien:...: vjirn r-:a-n iv: *. ta.-e.^ . The aecrnd, in 
".::"i.:u.: f o rriu Aii" 1 - r. .-. , i ltMri:i er' a , na *. ^r".! '■. photosensi tizer 
f.- r us- in: -.r.-:- | h^: t lynar u c treatment rerr^rrent br--ast 

-.^nr^i .L^TRIh J-. ■ I n ;e at i n; n:vj in Pna::.e 11; r:iinir,i] tri.;ls:; (-i) 
ph: to.-,n riop las " 1 ir i-roaiti.n :d n-- r : s .rle 1 ■ : s in^'<:lrnn.g p.- ■ ripher.d. and 
"r: 1 :>n.. aitei.--^: ..-jriA.];: P.; Ay - rA]:n; n^-'J .n Pn-^e TI an 1 Pnaae I 
r--ni':jl tiia.s, t e .q ^:ot i ^ -el. y ; ; tcr: i.^i) . i ;h*. -;:■::■ erl age- 
related macular degeneration LP'lrAh i:-, 

In est i. in; :'uirf-n':ly ■..nd-;:-L Ph^i.:e II rl.::ii-al ea'a 1 .la " 1 :.'n i , ; 

-n - thr'::at--:i-n ! i:^ea^- o: ^. icziuri. 1 r. "his cirtirbe, th-se 
:i---e .cpneiit: , al ona ui^h : unu-^iuenr al ^.:pert.s f "ne uriderl y ..n^r rhemistry 
a.i- Le\-:eweLi. 1 ;.: jjyr i(.:ht :-"] . ■■l Jr^nn i/rl'-y .-on.^, ht.iJ. 



L9 Aih/Wz:?-. ,7 ar - ■c:::i:^J:':~ --jrVKi ait ..-"lOt .i.ri ;R: 

2001 :.-.';:':> • : Th^;- .r':.u:r:.- ;.rt i ~:i e P.! Kui ir--:: ^ ^7A\h Photosensitizer 

a^di-'et'.- 1 : f phL t: (::.ynami r th-L.-^py :A ;h':.>rc .lo-iI rier \-a s :' 1 ban jai- 1 3n . P:enno 
K ; Killt'i j' V: {Kt:]:.inti. H 1 l "/a t d Vn:", ly.s . a vhu.--et:o:s Eye :■; h,ar infirm, 
.y-n lied, Jvnrii :i(.rH-n.-; : ^ La;:, R--".:..n,i .A;-i-y BL;-"'-n, PL'-. :2l...5 I'.ii -Reprint). 

APn'.A:c:A' hRi^G iiRLA/EPA Rtr ':i Ev:;;" { 1 O'iT „o .A \'r.i. s.; , no. :, i:p. <A;-7e. 

Puli.. ;:nvr: EL..:1lM:ER ;-:c:iENVE h\' . Pt- BCA Jl.. , -0-)(j AE AJ^L;TERjAI^I, NETHERLANDS 
. I.A^'IA OJq— ■D.'.-IA r\d: . s-nn' ry: N.I'A. L.tn-'iuaae: Englisli. 
-Ab.iTPAAT I.- AtTALyaBLE IN THE ALL ~J-i:j lALL EC Pbl7iT .■; ^ 
AB Tlie present rea^ie\; e-xamin-^:- the impc r t a]-iCf.- of ini}: r a^ ^ing 

photosensitizer deli-ery £cr .-:hor.r.i ds- i nee aaascul.^. s: rat ron ;(.;N1') in 
bi..-:ht r r" the rlinical :imract o f ph^r t .rdynamic tnerapy iPDT) for CNV An 
')'/*■-:- -ie:; c^f the clas;es of aaaiilable photosensiti zers is 
proa-ided and the prrperties gij^'erning photosensitizer uptake:; and 
circulatic.n in serum are discussed. Current delivery systems, for example 



lipoe^mal f L rmulati Dn~ as well -i.- the use :f the prondsin:? strategy of 
-int.Lkod-/ tai'geted deli.very a-- a , t rate ^7 t: impro\^e T'DT ,:^'-'lectivd ty and 
efficLeiicy r ^r CN\'' treatment are ies-r-.r^ed. A surmiary :)f ^-he 
•.-/-■rk us.U'T ■ 'ertep ■■ r £i;L, tin et.-iv.. parpi:in a:id Lu-Te:-: - 
photosensjLtazers^ -urr-iintly ir. -i.ni-al * r i =: 1 : Idl C:r ' - given. 
^ Xi I- r^l::evrer Sr^ience b \^ I rign'-?^ ic;5erv-ii. 
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20010-:'^;- :):).-:a]uent N'.jnl:--r: 2 0-.7-;>0.5 . Pii.:ie.:i ID: :ii?^«46. Anew 

cieen; iia pr:c-^i.re E^r ph r r^^ens i • . z i n ;: aj-L-r.t- i.^.ed in phot:dynamic 
•.h-rriify tor ::>:v. :^arL/- N; bd.li.i.i T P; -.gni-v res ".^n '.h ^.n Bergh H. 
: Tn; t. i t. .t^n t r^n'/i r : :-imen ta.' iir. n '-'^'^ r i n ^, 3v;ii3 r--c;er.ni T not itr.te :f 
.d.n: : -g-' ■ rlE FL , L-.ia.?anne, Swi " ze r 1 an^': . . n ■■ rk e lT . hm :fe fl . ch ) . 

Ti:\T-:i:oA7r-r: opiiTHALHjLO'^v \d.3dAi. .;■ :i^:n-.'2, J-in 42 38-4 6. 

r-Ki r. h 1 o.jii'r: "7'i-7(M. 1331.': 014'.- D4 :-4 . l-'u;:- . ::un^r:y: United -.tateE . 
2 "in':: ;i ^le : n^i. .f h: s h . 

AB :''F.^2;E: :-;e .: ;rj,r.e ■ vei i' r I a r oc :1 .i.^ : on na ^ ; ^evn ^r e r'-^e'rl n,: i ::or.s cicj'.ence of 
} h:t :Mr.vn:-iiiL .: tner.ipy r DT ) , vh^/ nietnod na.: : e-E r: -i. ^ f' iJ Ly use.:: for the 

treatment :> 1 : no : i : ne 'a :■ o u 1 < i r l z at i ■ n iC:2') in age- 
related macular degeneration tA'::i) . How- 'et, 

:■.[.. o :in-^f"'nt i. : na ]. photosensi ti zers , fjr i r i 1 y ci-E've 1 ■:)}"' :I !: . i 

• ..:u'; r P:/:, .1. -i :± i:..-- L i '/Lty : tne ::a::;vtin;: : f r.e :r.v. ? iv.r. acizat.i. :ts . An 

er mc'del h i.v ;)een ■ie'^-. : I'pe :i r": :ir..-| f l in j t new 

photosensitizers ' th" treatment :^ f 3 , : :u a*. - :1 

\;.:h .A^i:.i. It. ::on::.iE^:- :: Lnt ra • ^•■•n ju^ ;:2'- i n " L l M. 
photosensitazers -<n:; 1 i ^ ce.s :en^ :;ye,. i:-,'.:- t:.-: cn:.:2'/ 

r i : : 2..-nt-. ra-rrn:' f ar.e (i:a:I), : :d 1 jw--.i r-y ni- ^ ; a t -^fk-. t d f 1 ..ore.: c:ence 
} n;»rni:> n-ti-;3, le-ir-fe :r.-:ni '.he \'aj.. j... Lir .v-ten. pnctor.hronit.ic 
e: ti-::5;-:;y . METHcO:.;: : r : :. L i ::e-l ■;:,._:'<en e.;i.:: were pl-.eei.l un^er -ii 
: hue r-:-.^ -^e!. :> ; in.: ■:: r . :w)pe . Att'-'i .nt.r:i.venL ; e ::t. : --n f 'ritfei-ent dyes, 

•. ,:ue-i:iepen:i-.'nr f 1. .i :> l • :-en ■ ..r. ; ; u arhpny v;a.; r e r 1 l . el:t:ect of ?DT 

J. n L ani-i/ter::. w:^- a .. e.^ e :l oy f 1'^ ^en .-.n :r i : ;i t apny .4 ni-is -;ifter PDT. 

r,lL:rV2T2: ;v2rheigli tiiji^sz^-n-.e ■: : lif'Dpn-ii: l-.en jp^ > rviny l m der:_^^ative 
m. ni: a rLn:f A IrPh-M^.- rn-m-iinec; int ra^^l.^ :-u i a r :;uri]:':r 2 nc'ur-, 
nyiiliei: :.J ]..:. '±{k:^ !er...le;l tD 2---: ri^ain the i -ne.:^ t r-:i t- ■ :l 

ne :\'a.^ jular ■. ;:ati :)n . By ■^ar :a^d-n :.f F'!.)': j. a ra;a-te r5 , 'M5C-..aat 'lidraa re could 
j cite:te:i tc-v/ar-.i rdjsure ol ■.'•r^ieji; V7it.h a ^a i htih' t-;^ r- sniri^l-Er ttian 10 
ifii f-r^i'm, a;' ri';;a f j r-r';! 24 hoars Eitt.r-t £'2T. i. ah photosensi ti zer 
■.■ ri.cen t :-a t r '.'11.: .■n-i:: r.i :fn ILaht a'/es re.--;-.ited m r'.X> :)'.i fh:a; ^t.;i.s:..-. v/ithin 

ndnat.es, ::': n f : iiu- 1 ry f.^ u .' l '7en I'e .-i:-.;; i. : 'j i /irny . C' L- ■ :■ I 2N2 : 
Plac re ■ I'en ar.g :. : t.-ipny and EhT after I'/ in i -jn int '.he .r.howed 
.;-f:'cna .: rini hr^ r ..: t :.-r.i: t^a re3i;2'.s - 1;' t. a i ne^-l in rlini::a;. t'-sr..;- C' i PDT i.ri CNV 

o -ic;'. .;d wi.:n ,A::). Tnas, tld.- i^i-iel r-r.-'ide Inak' 1 e i n f ':)rmat:ion 

•: ut t'LiT me ::han i. .-.mi anl zan t -■■ u.:e-a :•■> r dr u ^ :• reen in :f p -rp o.: ef> i.n 
'.i'-\'e.L':ri:a*;nt d f: .i_ri: r :■' ^e :1 s ens : t ;■ e r s t:'r ''he r D'l' :'t" v^N' h 

L9 A:h:WEP. .9 'Jr- : ■■ ?^T>j212 ZC>Y-'\-r.: -UT 2 D :'2 h I.'2L h^I CAh A3-2rP2v T2 IMC. 
2001:4' 45-9 .hO'-ument ::.'.: PF.L;\/2 ' 'J : D'h.--! 24 ^ ;k Pli'r.t.'D :;ynami tnei-^iy v;i.t:h 
' ■ rtej: : r f I n t c r age-related macular 

degeneration. ;jrieLi:ein Aeaderiiy '2::: Oph"2-i/i :.mol gy. laphti: a.Lii '1 ■: gy , 

heceni'-eg ;:-:i:-0 ' 1 . M?, Ke . .2, pp. . :.L4-.'. J J 7 . print. :2;:N: 0 261-6420. 
L^naua:!": .-;'.:ia 1 .1 ,n- . . giriUiL.iry iianna^e: Rn'f.isn. 
AB (■■ • ' i ectd- -e : This. d'::aiaent 'if r 1 ; 'es ph'f't '.-' iynanr :' th-rapy PDT) wrtn 
■ ' ■■ t t ej: : r: t . n f or age related macular 

degeneration (/'dlD iin'i anine. the e-.v: d- -nee t'a a:\-.r.;e.r tn- Ke^' 
giestl':in aijonr. vjn-^.her J.ne treatment A- ..afe ana ^- f t e.vt i -/e in 
.r-aU'oln'^ -isuaJ. : 'S.: tr.ml-HD. Hetno'l,: : A 1 i •".e r a f.. r:e ;-.ear :hi t.hat was 
'J .■ndu<:;r e'.l in Apr:: .^iODj re^ r ie-.^'.:d e.i_gnt relevant ■: t..a^. l c n , arid r.n€: 
ieferen::e list;:- ■'' ! tne.:-' ajtic_';s vjere > snsu L t et:! t o i .iddj. ona 1 c:.! t.ati :)ns . 
•'.anel merLiljer 5 re-.':ewed '.hi:. .In : '.> rmati on , and a met n':'dolog -S t 1 e^d ev.'ed and 
.raited all ,;irtio.le^ .ico': : ding tO' the s"re:igth of e^'idence. F;esnlts: The 
paklisno'd .Li t e .:atur e contains a report of the comhined results from two 
identically de::,icTned, d'vuble-maiked rand':;mized controlled trials. 



Ninety-four percent t f participant., ccmpleted the c^ne-year f:)llcw-up. 
Patients treated witn v^ertep^rfm had a decreased rii-^. of at le^.^^t 
moderate I'-^ss '^-er this one-year period. Put. ::he henefici-il effect 

-n \^isual a:;iiLtv w=.; iteatest amon i eye? i;. v;nich t.he acea clas^^^rc 
■:iM-OLdal nec.-/a'-u]at uati^n (CN^.^) oc-upiei ^3- '-^r m:.re cf tne -r nt i re 
ie.rion ar--:a. rn-te v.-i.: no stati-M : / ^L.iniEicant drfference m --csual 
\z.Azv olr.c.■ne:^ ■.■r..-, yea;- for -y.:.: Ln wni.ch the ::l:i:;sic CM'/ mo re 

Nia:. "i- b.it ]ei. : -.n.^n iJ- "if the area ?f t;\e entire i.-'sL^on. ^eri-u.: 

teinic .:orip U l . r,.^ wer- rare, /levere on oeore/ise ( eq .li- . e:.t. to 

to^L- line^;. :'r nijL'"' :t -^-...si'in) wir.h:.:. 7 d-.y/ E treatment witn 
-e:.ieport:.n h h>ee;. i-yorved m 1 to 4- :> f patients. ?.r=rtL;il t^o.very cf 
-■:.^i:)r. :i).-; r">/e :1 in many dI tne.:-;- catient::. C onclu.^- i :;n;^ : To mOt, 

-■uder.ce .-■ u :iae .:■ ' that. l-DT usin3 r te::. ::i l f d n can redn .:e ^ he ri.-. j t visual 
; j,^. in p.ttient^ wi*.h t) i-ed'.Tninantly :h^oo] : iuiifovea. Of/ fr-:ni ;-Ji:.i a- one 
■.-•-.-ar. Tii-o r^te M j-ohi: arid -y.Ete:iu: :■ ::irip 1 i oa t i onf- ioiv/. A;ld:ti.nal 

■'lir.iosi re^e.-i: :n i n'---de.i to d-t-rmine the 1 : ri ? - te ri:i e f t e i ven-E^.-. s of 
treatment and ':.h^■ o : :iip- 1 v a t - ^e e f : e :t i. ven- : :. ^/i^h exi:-.vina Ein:i nvw 
treatment m :'d i i _ ^ oe .:■ ..nier _n\'e s l i i.;, - i n . 

L9 .-ji.rv/sp. Of o: h T : ..; ojpvp.iaHT ^:):.^ Ld''hhi3i ::Ah A:5.;t?iact3 ik:'. 

2001:. :7 :6: D joamen\ . : '.lO i D J .; ^A 1 6 1 . ':e^- •:;XE.:ainat:i..on rn-thi'd.- ::.o 

riii^.l-r drs:'rdeL.:: Ar: p 1 _ o i*. . E)n .di aon :ii i ^nd treatment- 

.ir.ida, Akit:).:Li ..). I' Dep a r ^rv-:.t ot: 'jj. nr n Ei Lni j1 a^LV /.■:isarA Medical 
■'Aleire, ,-I I-li dij r i :r-E.'-.h-T Hi:f^i£ni, A^ ihi ;iv;.. , d 7 : - : : 1 0 Jap^n. >:..::p::'n Ganka 

:Ai.-oni, :^--:-r:ij..e:-, ,.V):) 'Al. i:4, :: : . li, pp. 8.A-.-9A:. : : nt . 
A-.rM: O'-Z'-A):'. LE.r,r..i:e: iip an*;--^ - . .:-.mE;iy h e. r. ;r'..a re : iLri:rli.^n; .TE)pane.Ee. 

AB ■:. es:ahli;h a - : .i :rn : .- :. .■ eval.iate one eMho^oy f treatment 

:At ruE: ci.. l-\ r rl e rde i .e , \ 'e need metiiE'i; Oj lo.^ e; i -i: th^- ani; t ::jnii '.n;^ ;rid 

A.nctional ::h.-in :d tne.--"- dAs^rders. In *.nia atti-.A^--, -d-o i . h- 

— ■.''trEil .EOnlie: inii" v/^^ n-i"--: con:in:;ted t-E'r 1. y-ihri. In t i ; ri -.k: 

: -rj:n rt uni ne'-j i-ie" n e^:: .. r or ria<in:r \ dia:jnj.-A;: ^inEi e-';^-UErE i n ;i \':s.il 

Aniotioii ±1. ma.nil.it i r ■ ro:; . In .■■e:ti:in v/e :ik- i :.i ^b-\^ Eur t r e A. of 

\ en evmJ nat„ 1 .01 ne : }. .j-ds in treatment. Hefe i:z r he :E.-..m]iia fy id 

i ; r resulOE^. Ir. e c :e i n I, *..o ex-';riEr.e th-- : r 'Jot re.: ' 'f : ne niacn.la! area, 

n'.-- u = ed E. reti:-.-J tni .d:;.eo .-: .;inalyrer (RTA;, -.. oEinto.:-^ .E.o.nnimf .ia:.er 

. ) nt.nalitn.o ::jpe he i de.AJ^: r :: Retin.. " lirnog r :ii:'h , Hhl'), .-.nLl Mf'-i^cvl -oneren;-e 

1 . iiiE ^1 a] r.y \0Z'?- f ir.e;^a:' retLr.al -ini c k:i-- J arid a-:-es:. retin.i. 

T'l. :ro5tr ..cr ire^. . We 'E-i- la : -1 ret'n.il imEi:r:nEf EnoEi 1 ys i o of varioua m.-<c:ul5r 

aoieace;- jb: a r;>--d vAm -;he:-:e thr-^-e i n.3 1 r ,.men^ .:■ . \^iOii th-:: P.TA, v/-; Ed'tained 

: O'd thr-E:--v- di:rv;o.o.i E-nai Ma--a].ar i:-ia;iea di.:p.. aveo -En a retinal, tli i i-En^'S s 
r-Lip, i:u^ tne r-AinaL ^ li_ o-nv^.^ 5 m:;p ^Ad n: t 'dem: no : t . A e tne chi o;;en-:'d 
reti.na ui'n ao;:i. ret.Ji^L n'-'nio r i:ha.;ie.5 , an^d n]'Erh ;e a o o: 'EEa t t-r ie in e: trEia hard 
exu'date;- mi jht l-i,E.EE:ui^ th-;- ^ riA re : re: ma I inr.etEfaoe. The hr.T 
th ree-dEi m-n : i E)ri t o:e l ; l eiv n i. :; imiig--- rleaiiy ihov/eE; '.he unaulEA.i.En A tne 
retinE;! .E-rlaoE:. h :>v7e-.'- : la ^t toE^i relc;^i'oehy Ae na time to E'lEir^-n the HRT 
.:r.a;Te, ."^nE^ v.^e o -inet iine.' E;-ild nE^" ''r'tai:. e d t or E' o r ^ph . c im;iEfe.:. -.-E:au.Ee 
r fixaAi.-.'n m- )-.''-'men t . iix aiuLnati-Dn. vn th the liCT e. 1 1 ow/. CEiri f l rri^*; i <on of the 
:etinE.l o : co s - £ '-'Ct i Ejn.-i 1. atrujture^, .;uch ao ret i n-E s E:h i s-s or oyAEi.id 
::j-ace; <-:riEi t h-.; - d t teE iii.:t :u . a r- inc-; t. t e. :e, ou A. a= oAtreou;; t r-Ei E:t .. . n , that 
i.-ann::t \e detect*-;d lle i n^.j .tr^er : . n" '•E'nt.L'orial netr.od.:. v/^th :A A- Elation, 
t. .It n.igli L t:A 1 ectivi ty o : o:a d'^:nse hennrrhugeo ohicurhr-id the deeo'CtE hiyer^ of 
One ret^n.U s nracAa re.-. . Mea.E irement f-:-t.nal thLoknf.;5.; rot.;; Lj r-d with 

1 .E)th tnf. r.'lW anri OCT _n hrghly ref r^E duc.i i: .Le , anci therM v/ai i.gn i .:d oant 
c:'E)r re.hat i .-n ki';Ov;een t.he retj:-.al nh.i. okne.E i e,-. neaiurei.l ui^E.h the tvjd 

mm*. n*..;E. , V:e belie-^-; tnav the.;;e tnree rns tErument,:- iiiii;ho oont::AEate 
:;-._i.pnr t i(..ant 1 y t'j early, ac:n.r-at-? di.E.jno.Eis and iietr^-r mon.it ;irin-:i of t.he 
nnerafeut.ic e::feoo:= cf f: r- --A omy fjE r m.E: cu.!.a.r disea.. e,^ . In the fntare, if 
-ne.ie fi.ndui _.magong ana^y.oEL. ino r. rumen: s 'Vari aoh.ie"'e h-gher resolution 
<.::d con an.iAy::e A^. r ee-d.;.men.-- - ona.L re-in-il .mages, t.hey vji.Ll pro\OLde better 
E. nf C'rmat:n.)n to cl E.nica.i..l.y t;v.'aluate macular diseases, h'e demons t la ted 
v'.-AEi ecuo ^n-o^minat Ercn and exaniinatiL'n frcm ".he retina. I. surfaE;e to the 
dt.-epier reoinal lay^-r at the maca.Lar area ur.ing a scanning laser 
ophthalmc'^cop e (SL(d) . The SL(d examination with an argon laser and a large 



confocal aperture vjas u.'^eful for c.Hiducting kinetic examination of the 
-itreous opacity/ abo-e ^ he macula. With a dicde lazier and a ring aperture 

darK-iieid mud-i) , it. m-..- p-.^.ible t^-^ examine the retina frcm the deeper 
r-=:tinaL laver t^.. tne c]r..rr.i . On th-/ other han'-l, th^e .;L0 ali: 0 allows u.= 
• -) cr:nduct"'a lunctioi.aJ. oMaiii.. i.atK. n of fixat:on. d^M-ions 1 1 at ed that the 

rof erred reti:.a . I..::u5 ■ 1: f^c.^ticn m-.y change duri:'./ the follow-up i:.eriod 
in pat Lent;3 w:.:..-e j-r.t -.t.. f .x.-;ti<: i. i.-. impaired iue to macular di5ea...e, ..nd 
v;e snowed th.it vhe lixaMMn b-ha\M w,^s relate i t.: tne visu^d acuity. 
'I'nerefore, tho ILO i an :.d-Nv:. in, M .m^^nt for deten:iining t):.^ v^isua^ fir-id 
and the '^isua. .-.cu.ty })•■ t.jr-; -vnd .ift-r treatment in f -itient^ 
v/Lth ma.c-.,lar di.ea i)- CaU:.:' ot .. ts p.:-e<::./^e lD3al.-at.:n of the 
-xam^nat_on int ry directly ob.o rv. iv;: t/io lundus ."md ky m(:nitorir.g 
:ixa'i'-'n beha-'iir. '^ur i\o.\J ::rj:rr.;:n i[;::.^-.aliod in thv allocs u.^ o 

;::,mpiete tne ..r...nt . * c;t...' v, retinal :i e::::._ti-_ty e-ali..-:-n within 2 mmut^'S, 
wnn-h Lo difficult '.u d. M-?inj a - n' 'entir n.^. 3ht v-iM^i^m. bu rthe.: iii:) re , VJe 
-leiiK ns •: r .tted : th-^- f..:,:t; tin- rnit nunut- tan-ti..na. -hanged m 'lie 
ret:: na o'tn k)e o- te.::('d i. y ^:ie 3LC .niler 1l\; bac-.grr-und i lluiii:..narr"!e . Sucli 
:hA].qe:z -lannc'-r d-tecf ed .mder .: ^n-'onti'' il.-1 - _ ndi t:i jn .: . 1:. i<.ld^ t 'jn , the 

-xtraf C'-z-al \m .5 .;al ac.ii'y : t n :) rrua 1 ub ; e-:* an'; p'^t.ienti^ with inacular 
:ll.:.o.;i£e was .r t ^diel i.-f^mg : .n I .• ne'.r 320 pr'. gram. Tb-r i.- : -acu.i liy l...ne.;. com Id 
;ie .ilu 1 rat:eM J -y .■■ .riina ii i n ? tn-- :e:;.ult., :n Mrn.l o ulvi e '-t .? . The 3Ll) 
\-r:^v tne h:rit:n*.a: rieLLilan is c^x:n . li ■ Min\ 1 y be*:t.-r th/m tlmt of t:he 
•-er* Ical mei:idi-.n, ^n:; •■'^en in thv n i.:; -.1 ar-ra aiya'ont to tno :3p tic di.:- 
an It 7 o i: le-ter tnan .1 ::vjbi bo : h.: d . 'lo o-zil.iate ni ::ular 
!:an.;ti we ;.L.^o .iv t^Ma te ; tn-r b . o-.m r bv,/ 5t th- i-.^rcio (:r', tne 
retina ( bf i , ..n"; tn-;.: "di :ri : -ap i 1 . . r 1 ■ at tne fr'o.a b::b). We investigated 
•"he JF 1)1 pa*' ie:if i v/^rh age-related macular 

degeneration n^:-:i.) ) M..._ni p.ls.itil- c-il^r bi'..-jd fl.w ib:'3b) 
r\ea.:MreniTnto . In r .ti-nt::; '-m th exniati-'o ;:i:h t:.-E jBE^ was -oi. :fni bi. c :int l.y 
. :iw-r tn.n in Latien^..-- w.tn n jnex'.i;* ti" "o ,-:ib ^r in o^: nt f-jl .:Uoie::t:^. 
J.-. ea,E-e :i :f may ploiy a r: 1 in the ie- 'el jp:ii-;:n t :f -bxniidal 

no. j-'as CM 1 -iriz-it . c n m ;j-ir) . bb wai m-;; dilated M,:in:i I.i.mim- bofpler ve bj.-imetr y 

Llb'i . Wo tyivid tna" tn-' ?S in diatj-rt cb-in.feo aer-^ni.rig on tn*;;- .-t.age -jt 
.liareti:: re t Itl jpa t ny , tn--; ;;i..r-tL:in ;: r ab-'-t.-r s , and r w-r treatment 
:if : et in - v.atny . V;e d--:..op'rd -t ne\7 Lb"/ in.- ruraent ^-jMi{peci w.th ar. 
eye tra-bing iy^ten, md o-rni: ni t r to d .r:-ol r:-p r " :iM /i;: i 1 i ty w.th tnia 
:n-irumer.t. W:!a in-.' i : a re d ..oLn.^ :\.-=t new.y oe- ^e 1.. : .o d b-ser lu^nder 

me tr7 (Lbb), v;n v..:::' fid :r .. >d r-r r da i b i. 1 It. y. We me;>sared CZF In 
pitient/wLth AMb in :>n- --ye, and f:and tnit th-: :>:b in the eyeo v/ith KiD 
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_:>wer tn ni the o/F rn n .> rnn. 1. -t-'Ovs . v;e al-.. niea-urod 'X'.F in 



piirienti \Jith :ii-.o.b.;.r o .lenia dlZb i-.a--d :n branch r-:"i:-^^l ^'e:n )o-:d uaiori in 
'.-no eye, in^d f:and tnit b in tn--- ey-s i :rn : r i 1 1 y Li^wer than :CF 

.n r.:>rma: eye.-. 7 e'-i..nate t^.- dy .: f un .:t: i -) ii :> f t b 1 :> .o; retin-ti barrie:: 

Bbb) in dial:>'t: 1 r- Mi-:, -j.- :)po 1 - n^w d . f ie r '"-r-t i . 1 -Mtrer.u;. 

:lM--M:opn "ometty tnat --in .i- imi.: 1 t :- n-:- : us 1 y laei.iir-- f: 1 1. : ;:e.i in amd 
: 1 .ore2 n :n:'r.- ■<:; I i c.u ):-M.-.;e in tn^ \xtreon-. V^e i :rr : t v ^al ed tne :nward 
in.:i :>utw.rd r: • - rrne fd m 1 :o;y A tne bHIr :.n rat^-nt- wi*.b -dLaneti- Mb. In 
t.atienti with aiab-^ti": Mb, tn-zr dy. tuncti^n b Mdi bhe muar^d and tne 
.utv/ard f e rm-;: -^c n^ i ' "it: tne 5bb v/v^ de:ti: no '.: i -i t e ii.-i:r.;T 1 r f: e r^:nt : Oi 1 
■'Lrreoi.: f La :Mcph :o. viaot ry . Tn :-.e:-:-i:in we fir/t ire^-r.ted the }::. jtent i-'il 
:f the n-wLy .le-'olji-l :iv:i.n;:ai- pn --r d .:o t gi : ; 1 1 :::n t.e -nn i^-..-:- . VJe .ni jwe d th it 
-.1.1^ p j::-.- in 1 - tr ip}>-y ma :: 1 loi r pt: : t :)C j a gi : . t i m re :MitoLy u.^inj the 3L0 
. ven m i;itient.5 w: ;.n un.-i t. - : j L-"- fiX-::t.on, wh--n i' i.- perloim-fd m 
.•omj 'inat : .>n vu tn t n- ii-.-.i tr.re-: di ::i-^n.-.i :>nal -vye - " r a -li n ;[ system. Vb:- then 
tr-,-ent-d tn-; re::..;t.-. ): n:: :> t ) dyn .:ui r tnernw/ ( :d»T u.:.--;:; to treat 

■h:o :dd;i. ne : • ^aso ;i r . .o-» t : co. ::>rb in Hn inL:iiaL m:o;-d u:. ing a ne^/ 
photosensitizer de''-...p-:d by ni. binaliy, we de(.i::no - lo.ted the 
:,ewbv' d-j-'el e d -.'i-.:e)U^ .urg-wy imiitti-m oy3te:Ti 'nM.na vi i-t:ual -re^al i t y 
• e -nncd. j .r-.M Ti.e a i :-i ; t j - can prcide jpht h i Im :) - ;of l ^ t with a ;iew surgi:al 
*ra:.nin:: metbjd fjr ; > :e r-s t. j. a _ mem;: rane peeling and ;'N'^ rem:'va._. br:>m 
*heie stuiie.^, we .^b^v./ed th- ■wlLu--- of tne ne\-; iastruments fi-r examining 
I atientz, \i±th macuL^v.-- di.5 :.r :lero , ycinted 3ut pr_'blem£ that face j..r 
cbmiciani, and przip.j^ed new goal^ for the future. Establishment of these 



new exammaticns can provide the basis for the development of new 
treatments. Aa^^ance;; ir, medical technclogy vzill enable diaqr.rsis 
and treatment c^f macul.-r di^'-crder^- to be more pr oq res =■ i^^^ . 
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2000i-^r'5^ -.ncnment Nuiat.er: 2i)ie.l259. lubMedlD: 10713;3:.. Texaphyrin? : 

nev7 d-ua- ^a^r div^]-e ;.:l;:_n: c.al application;^ in radiation anu pho todyn;:mi c 
-h^'raiv! ;Vs,-Jer L; riillei- F. A. Department cf (:nem:£try Bic chemist ry, 
•:n -.-li'-i-- o: Texa^, Au;-in 7e7:.2, USA., sef s ler @n ail . utexa:.: . edu . 
STrrdLHTCAL rHAFK;^':OLOGy, (ICi'O Apr 1) 5!^ ( I 7'?3-9. F.e f : mC. Tuurnal 
:cde: ■IDl 31. ISSN: 0 ( ■( 1 6- 2 ^ . PU>. c:ountry: EriGiLAIID: United Kingdom, 
Ijuncuaae : r^n^.i! : sh . 

AB ";-:e c^ x.iph'-r^n^ ar-^ ({U.vnte.3 en t _al met al-coord: nat mg e:-:};and':o j ■ rplivj ms . 
Ti-.c" ..-.on.-. ■ tnt.e a nei/ rer^et cf syrithetic pcrphyrin analog\ie.: th-.t ■.■Ak-m 
>*,l", ni;:--: a:: d:\.cs f u;--e in a rana*.: of medical t. he rari e^- . (M:i:e.-n' ly, two 
'.Lrter -./ai. ei - s o lul- 1 1 1 ze d ] a n^hanide ( IT 1 ■ texapb.yrin conrl-'Xes, namely 
t:nT gad', i:: ni-im I IT <.nd luce t: um ; III ) der i-ari\^es. :. ana _ IG.i-Tex and 
LiC-Te:-:, re -■ p'. ct. i v"; ■ , are be^rig tt"'Str:d <.:.^ini ca_. 1 y . The Mr.-*, c l thest', 
/TFIN, .n a }:."^ctn:.. Phc.; t III clinical rridj as a p->ten"ial enhar.cer 

:-5<.ii-ri. jn tLer.n: f c i icat.ients v;irh mc;Ca:: rat.i.c cancer.:- the brair. 
v;h'-le b:.:i:-n .:ad.;aticu tlif^rapy. Tlie seccna, m -'ai'-'Mi:- 
! ■■■ ; i vj . 1* ■-cns , £ i: ng t:e.-ted .ic a photosensi tizer t:': a.-.e in: 

::)h ot' dynami c treatment '■>i recurrent breast cai-cjci 
• !;*TF :n/ I na,-'-? II vi::n.ca- tria.i; complete , (i:.) plic t .,ang:: jpl.i s ri c: 
ceciu:-. .. -M ■: f .;iche l " .-. <cl * -ro ::■ i; _n-T':.ca.ng pc^m neral art <■ ;j:T^I-2N; now m 
f'hi.'-E- il ^-.-s-c.ngi, and 11^ i ■ 1 dc:--ba^. ed treatment oi 
age related macular degeneration 

■>rVrL:i: ^iirrently m iha^e I jlmi.caJ trials), a -cis. :n-t:.r--=ate.::-.ing 
di.-'-'i.:'.! 31 the ret:.Ln,-.. Ta':en an cioncert, th-se rwc me^ ;il _nr -xaj hy rins 
pr.^dde ^ : owerful n^w cl:is- - : experimental drucf:- whc c e di-er.-<-- pi.^ential 

arented Ic' a c jml.'ii la *.;i on of well Dptinizeci phy^--.:--il r-ai.ires, 
t .lb: e ti-rjue; i olc •.•..il i zati'Mi cnar..cte ri: ti c.-; , .-.iia n :ae.-.L -.ni .>ms of 

Tn te r-e::-.tin ::1 y, th-i-se ri- ■ -diani.sms may alter .-jcri" 'cn ti '-'n ^il u..sc^m 
r-.-ra: li:-.g me -nani.- c t ran.ravi therapy and the }.,it h r.nny.:- loL. cy ut 
" i^io : L- l o/ i , 
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.i'\\i:-iic erferjt: C' : the nt.-M photosensi tizer J-JT/lSl.^ :ht > :n 
n : r : 1 . I ne--.'/.;isc-. L^iri .■citlc n -n monkeys. Olj.-.na A; '■;'-.) h > 'l'; rCina_ M; 

.:■!•; ..■ ; r:aned \ K; I-I.}:1 T. Dep irtment jI I'piitha I ric 1 ■•! ;jy , '^'aaia '"Aty 
riif.' M-ci.cal .;Ad:-.^l, .■^af>-;i.. a kira - .•^angmed . c ,;.-di : .: i . ^ J . ' V' 
H.:Hr^E.-- "'[•' .>PHTH;.LM'jLc :;Y, 2'' 1 ] Hiy) 1] ^ n^O-::^. -'o .1 rn-'i I .:o:le: 

4. I.'SIf: 000 - • ^ !• ■ . I'-.ib . country: Nn.tea .>t.jtes. h ^^n .r la g-r- : EnpLi,-;n. 
AB jE'El'TT'TS: T (.ier-r^ im: ne t.ae: o}>timal treatment '^irl .-m-i-T::: to:: 

v/:\.-u-i-^c •:herap'.- ( r^LiId \;itn new photosensitizer 7^T>:-:A. ) d-'i 
] ll-v.^::- ,1 c.;;rboM/} r :ri :nyl ] :a ro amoyJ erhyl - -et h-:jny A -nydi ■:)::y - 3 - 
nyir :c:yimu\o-chyli:;-'C. e 2 , 7 , .2 , L : - te tranethyl n j;.: ri:)hyrin 1 nnnn d 
:n.li::e :^ e . t c" i^ C)-a "d u : i on 'if ■■:ni:i r ^ idal ne :>■ ^as c il.^i r t c Dn ; .■MIA in 
njnha:iian ;ri:-iare e.iyc;. . IIETHi:)l)d : Experimental cIJ'/ v;a.^ .nlujel icn mciiKey 
^ ;,y -^r.-.e:- phot:. -..a I il^it^on, and PDT wa,; performed m n-;; v/a ,3. -rb.-. ri ced 
; h-^i.th-c eves w: in ;ifterenl treatment -/ir Air)le o . A*. ■) c d I3^) 

al te:" -b--, - ■ , rr^d ll-nif'-:? body \;eb.jnt ;.nt ra-^en ua.. in_- e .;ci. -i.s 
:c ATE-Pl'^ , a d^-.-'d-: liis-r was i r r..idi. i te 1 sn the d-.-.e 1 t) I .A? ^d -m2 

(w •.v.-rd-ng' L, 6 d) n:i . l^is :.:ular D.;:lus-on in iuce'i 1: y PUT w.ii s evaluaned 
i.-.:n:f f : u ;e .-. c-ln ; i. m :fr i^phy , Inilccyanine fieen n 71 g r apny , m-.i 
h; -id ■) -ri .;-.l examm .Tc -Ci iit 1 .lay to -l v;ee-:... E.:*::ei ].r I'a 1 i.;.ti an . i^ESiJbd.;: 
3.-. . e:;t-'^e >c::lision ZUV -/iMiDU': danac:e c he ilt hy :-.^tinal and ^ c:n : r o idal 

r ;:.all iri-.. wa_. achievel m th-; I:ollD'.Ar.j jndi ':i': n.;; : 3) t. o 74 T d::m2 
1 L radia*:i -11 at 30 1 1 7] min-.it-^-- .:d"ter the 3-m;:,d;g i:v) - : :A:io n , and J to 2 
J cm! irr-idiation ..t 3) t ^4 riLnutes or 30 tj 74 .JA::-l: irradia'Aon a- 75 
t •! 130 :ninutes after tn-- LAmg.A^g dye m^ecti^n. Ke-:fr..w*;h jf :N" ^ often 
occurred •./hen the retina ua.. heavily injured by exces-A'^e PDT. 30N :LU..;I0N : 
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By u.-in^ oy. tinal treatment ^^ariaMes, PDT using ATX-?iO(Na) 

indu -es sf'. ::i i^^e occlupi-'n ^-f :::.'V m KC'nhumari primal. e eye?, pro^^idmg the 
r :os 3 1 hi lit.' • *.h-'^tapeut.i : . i} :_ v ition t? the -l:..nir.il i l ac.ti ce . CLINICAL 
HELE" 'MICE: ':)::■.:! 1. :>n of C::V v/itri'it dire;.t darasq-;; t^j th- ==e:is-;ry -etina is 
i..?etd. t? re,: eL \'-.; \^i5ual arJty pa'd -nts vji*..:i exudati'^e age - 



^- •_in.-..c.-i] trial. 



related macular degeneration- r\ 
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It. ;T:A-,. Il^-e*:-].:: I ;\ : o . : An;\u..il Ileet.i:.': ■:) f tiie A.-- jl: i a ^.i :)n i:. V'rsLiin 
■i:-.a ' f t:-al:;i:d<-,;:y. B:rr haa. -r ] F.l.':'.:d , 'ASA .'.pr.:,: .-.-.-Aay i5, .OOJ 

A:S' ja*;.i:'[. f A r ;-.e,; ear ::h ' d i ■.:.d j) ;.f h i l.mcA ogy . :,.-nfu\ge: EnLfli:A-i. 
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2 000 : - -1 -AA. : .--..nient :A'.: EA.E\A : ' i ; ;■: ■. -1 5 -.^ o . r L . t : dy:\ami ^ thempy v;itd. tir. 

eth-.A et i :f ..rpuLU i 3nE72 .^drc-'^a. d\ : r: : i .l-n ^ nec v^.-- -aJ ir - z i i . c^n -CNV) 

age-related I'la -.a 1 a' hy : iCta^ly cie,-. .i a:, -.r.d ba.:elino 
rha : .^ct-;a: i ^. i . 7;\::iia.:, B. L. . ; MariJ.y, ?.. P.; Tres-^er, C. ,.. ; 
Eli .'.£ s. n, M. ; P..:v..;-:h, A., i. "ix^r^y..- A jl: . a ^ea , 3e-'-fly 

Hill.-, 'A ':.:-A. AA.^A lIAr-a i:, ^dl. 41, lAu 4, . f AB . . IP-eti.:.g 

liA-.: Ann..al 1- r. ;f ":.e A-: :d. "Cr ar. .a \d.s_on --irid p ':h il: lo 1 o;y . Fort 

2-.aderlade, FJ j r'.:. , A,-;, ATr^l •■■d^Piy . ■ AA!) A.- so it _ on :oi B^■.■ea^an in 

^Aaiir. .[iVid jiA tiai 1 iii; Ic i r ■- . L...i.:::a-;!a;- : EnaliA'.. ;A.n'Onary L<^:.gia7e; Ei.'pli.A.. 



L9 ajt;a;er -i :f :s bt>A3I;:: c^-?yRi..;H7 ■■■d. ba::a-:a:cal afciaa-Tc '.n:.. 

2000:_4A.':7 :)■:■ vament IPj.: 7 AE^ A ■ ■ i C: -A 2 4 5 • 'd A A; ;A, : '.lyr-ami : thecipy jf ^...b f 'eal 
.-.'ic L I', i d..ni a-: c-' 'aa 3 .1 La L i z a 1 1 : n in age related 
macular degeneration a. :na ve t - ; j : r 1 1 n i : u dyne i : 

E;-:j: 1(" ra^ o L '.' ana.iya._.E o: gr:d wi , n.il ciut; .rnea : T/A' rej 4. S i n :i < .tnian , L. 

■li; TA: .r-ady Cr ji'.ij: (A. - A--. Ln.i A;-- s ■ ■ "a a tea i.d e\-' A--.n.:i, C J < ' 'el iiid, 

■BE i',--A. Id^ A, ^ (Mar .1.^, _00r) -/o.. 41, :A . 4, pp. ;AA 1 . Meetin.; .Tnf:..: 
Aia-.aal i:ee"ing oH tne A;:, a >. -.ir. t :i n m tda r i^a .and CipthciliU' i"'gy. r .: i- 
l.aaeilad.;, Ed.3rida, lAA. /v} r: .1 :a-M,,y :d, ^O'lO A., soa- at.i.OTi Loi: I-.e,- ea r ."rn in 
\'-.,^.iLn sna a'f'hth.;! ..irLi'.Loay . Bari:;a..ige : EnL:.L..:.E. Suiionary Langaa fe : Ei-.aliih, 
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2001 : i.: 4:--:^5 Bo:tment K . :-::4:14:Aaj7 Pnc todyn am.LC theraj.y \;ith verteporfin 
P r cho ioidal neo" tni cu Aa r- zat .i. C'li :aused by age-related 
macular degeneration: : esultr C' t a single 

treatment in a ph..:je 1 and 2 stady. [Erratum to docunent; .:ited .li". 
I A.i:^ 1 : 2.' 4.:.94 1 . Miller, Juan VA ; 3chmidt.--Erf ur th , Ursul.-.; S-_ckenberg, 
i:.A:hel; Pournaras, Con.^tantin J.; Laqua, Herat; Barbaze^d:-, Irei-ie; 
.t:.grafoi, Lecnida.-. ; Picuet, bertrand; Donati, Guy; Lane, Anne-Marie; 
Birngruber, F:eginald; ^''an den Berg, Hubert; Strong, H. Andrew; Manjuris, 



nirilie; 3ray, Trdd; Ffadni, Mario; Bresrler, Neil M. ; '3ra:Toui3a, Evangelos 

. (Mas 3 acriu;. et t 5 Eye and Ea i: InEirmacy, Har^^^ard M-idical . >c:h o j1 , Boston, 
:L^, U3A) . Aichi-'e^ or 'jr hth ilmo Logy (;hicag:-^), l.H(4), 4 r ••Inglish) 
..O'^iO. ZjDZ':]: AK i?AW. T/3N: 00)_^-995J. P jb . i .:-he L" : hm-^ri .'nn Meiical. 
relation. 

AB ..'O'.rrial : mi3:,i j:. ,■■ :ir, .nci il :i i s :; L .ir e , riojerly r evo r *. -r.i the time 

iTia nil script. m: -;3i on, Dc-ur::ed in the a : }.n-- v;l--vlgment .■■"■JV^on on pa je 
. ^ ■' ?. . Tne f-:il::v;inj itii dement .^noal:; ;-Lave .".pp-.- ii rC'.l in tn-.- a f *. i .;! -T! : "Drs. 
.■: L -.rze-Ah-^. L J --ind B : e -. s ^"^^r --re 7cn s;; 1. 1 mt - f :> r ^'.T ;:.A \'i.3i3n I[.:n, [iil.it.h, G a , 
an:l QLT F n : t r tl.e i ai i: i-: En:., "/an r i' r , iMit. :.i-h Co 1 nrriD i -Si . " . 

L9 ;-Ji;--WER :A F 5 ^ SO z o riA?, :h ■ : " PYh, I sht A'; 

2000 : A' - 60'-' Tn-- G-n .in- .'.rt ; cLe -F- Nirnn;;:-: :.L.MI). r.^jent: ad"-^n.'-s in 

i.nV:c:.l\T.ami tneianv. E nidey I-. n {R.pM.n:.). NEW Y':)KK /TA7E nEFT HLTH, 
^:0;A'JK:,L E n Y/vN ": lN/7, P>:y'T-jDVi;/-:i T?iSPAt'V :Tr;, EUFrAEd, NY 14..-A (Keprint). 

Triirri^:AL ■■■F p-jRr'HYF,:i]o a:^:j ph'7};.a:./'C-;av j::e.5 { .■-.'N jyl nco-) vay, . , mg. a, 

^ofi-AA. Pmdi.nef: -rOEn V:i:.l:,Y .A)No L'A). BAErANo LA::E /HI .:HKSTER, W 
/■U;AVE>: I'Ol'r- YO:), e:/^LANY. ISSIA iJ-H-li^6. i-.ib. ■ini.intry: "YA. L- in :(u ;;ge : 
En f ; n .-. li . 

'Ar.YT;-YA:T To AAYTLABLE IK lYIE AYE /YJE I ALL FjPYl^T/* 
AB Ylini::aJ. re.^^.it: i: h'D t: d .lyr. -im i ■.: tn-^ripy continue sEc\/ p t -imise f^r 

' treatment A' v.^r^ju,:- :d. . rn.-^l ; ^n^^nc^--.^ . Y:-,:.s p--^F'Cr bricr/y 
.•••..r:n\£tM.2':; :■ tLe I: iv.i::-: iig-^'.% ' rr/. a nr. a >■;.-. :>£' v.iiM j-.;" io - -.a^ 1 -rd 
Yi - :cir.d - .T-n-:; r a Y i rA photosensi tizers -:'.cl :A;.-':." ne'iii-^al 

nppl i ;at L yr. d: : c : :: nyr i n- b^i.v .:iniL:g.:. :::yii:|n: AY 20-Y Y-,r.n VJi 1 ey i 
Yc::,:, Lt..:i. 

L9 /-JYY'JEE ':E 5- CAI: L'.'S Cj?YEI.AiT 2 : L A A: 

2 000 : .:Y. V ;■ . Yzinjn-'n* Y:. 1 : . ' : 2 B YA - A p r-'A. Liiii ry i-iMdy >. 1: d :lyn-:imi. ^ 

Y^.Ti- :i}'y a- in:; ■ : t-::- f f i n f :> rd.c r . :ia 1 ne \ ?: : J 1 l:.: z ^/ i Dn ^.n c .itho l.ogi = 

i.A-i, j::Li-:ir n . 3/ : . a .: lu'j:; i -.'nd : oriic , a n :: i iiL-a<:. , :vnd : :L. 'Dpa ::ni - 

-ai..;:--.--. ;A :n:enr r..;, Mi:;:-,e/; Y -nm.i .it-E::: irt ;. , "r:£ai.:i; Miil-r-, '^an V/.; 
Ecni r.;ira.^ , Y : n.-A "in/ i r. J.; E^.n-AY,^, jrAda.:-; I .:. , ?erManl; D-jnhZi, 

Air-; Eaiju-v, Hdlz^.; iibazettj, Irti-n--; Jlr a ^ : ij :U , E" ^■^n Loc .A; Lane, 
AriJV: Atari-::; E L i:n tabc t , F.^-jina:.!; ^An dfen E--i:rl., ?[nl-et:t; Y:r--n.:, H. 
Ari..ii-ev;; Man-Mcr-, i.Atike; Arr.y, Tod.i; rr^iin_, Matij; 3:e3-Iei, Ilei.l M. 

}i..:.dtal jtAu aimiqae :'ulc5 G.-nin, Ei.;;:^nne, .A;^tz. . /-.r cj\ i v-r,: .)f 
Oi:]A.n-::i.mcY:gy Ynici.T:Y, :Y , ■•■ (En:i:...::bA .OO'A /OriHY: ARJPAW. 

:;AAA OO-] n-A ;-5. 1 . PuL 1 i.:.}-.e r : ^^i-i'- r Me'ii::-. ' -.z.^' -:iat-':^n. 

AB Oh^i-^rve: 'V :> '-\'al- 1 -i t-r .z.l-.ijrt t-rM'i .:-if:e\.y an^ii ti.e ctteci..; "'n --i.i.ial -"icuicy 
an:; f 1 u d re.: in ■■;nii.:):r. t: oir.;r.- nmltip:- =■ :^ " cn,£. 'if j: h - : i.lynam.LC 
r.h-n-^nv v;^t:"i vc r *. e}.' .) r 1 in for ::n r ij l :i iil n-;^ j vi ■ i tn. ;:a n i YY2Y n:)C 
re . A rd z . age related macular 

degeneration (>^^IY), :.nclndj.nr pathDl. iiyD^L.-., "he oculnt 

bi :■ * : }A..a:i::L'j is ^ ym.irjrne, ang^'jia ::ea , an:; _ <;ii c rmthi ■:auce;i. Eesijn: 
A n. n L and:iin.2ei:i, mn AA cerit e r , : [ t; n- ialj-ri , d'".---,e es ::a^ a ^..i 'i^n rini.^'e 1 and 2 

J:, tri 1.1 . Yt-' t;..n -y. Fk u r opbt.l.aiiaic centers i.n Enr:pe .^nd N: rtn /-jnerLca 
f.iri:'-.d cAng re/inal iV-ir-:-. ?a r f i - i j: an*: ? : TnLrte--;-! rat-en"..f v;itn .rub t:o-/ea i 
YN' ' i::ne t: f:).:tt:.c : . ny:p.i.-», ti.n: " cn L i r: 1 A tc>})l>;^.^n: s : .:■ .:ynLircm-, ,.in'::i jid 
;l t L---.:A.i; , ■.: r id.ioja/li^c Ciuse ■ , Me*:]i:>d.-: 3tan<:n; j: :A ::trd j icA i refraction, 
-'i..naL acni^-y /.e;:t-nj, of h tn ul n: c ex.^ni-n . , n)I ■ r f n<jt jg ra} hj , -^nd 
lluu : ^e 1 r. .imi.ri > g r irii v/^rre u,;-::! " ) Anat-'; tb*;' r'T:.ult,^ f ; n : vo'iiynamL': 
\.Ker.r: y treatments w-th - -e r Yej.^ . : f _ n . Ec _ i'D'-n-v^ : iange^:i f r: n. .. 
v;>; l/: : pa"..i enc.-. whc' '.Jere t. r*:' A. - ; cnie 'vo 43 vn-. i:r pa*:.ien*:£ '.c. : W'::re 
t.i e.i*'--d uvi 4 ' inies . J-.e-sa-* .;: \Arteporfin ^ner-ajjy wa;: n-el.. t:-/Lerated in 
pat.-. 'i-rit.a ^rA-.n '".N^ ' not re:..ate 1 AI-IY. No dete ri :>r.-A- i^jn in v. aruity 
\jaz. -Asd.; I'lcst ] .a/.r -mt := ga.me.;! at :ea,.t L line jf -'i.srcn. ryd].. in tne 
riv.K- < r leaK.iigr- area from -.A :::.:i.ii.: YN'/ uaa noted in al.L f^a/ien'c^ a,:. ear.Ly 
a£ 1 uk arAet ^ -ertepor f in *:h---'r :ipy, w.Ltb '::omplete al'L,ence of A-aOc^ige from 
cAa,^ ,irc: CN^' in almos- half o t: the p,.-tt ;.. * .-nt .5 . Impro-'ement in 3nal acu ity 
.:fi-.c-r vertepC'rAin therapy ua^ greatest ( + 6, +■:., and +9 lines) in 3 
ja-.^ents \/ith : elati^/ely poor initi.il ^Asual ,-icuity (betvjeen ^0,200 and 
20, bOY) . Up tr 4 treatments vjere found to ha^e shc^rt-term 



5afetv e^^en with ret reatment iiiter^/al.-^ as ::-hcrt as 4 wk . Conclusions: 
Treatment of CNV not related t<.) AIID '.M.th vr.rteporfin therapy 
^i-hie-^es short-term cessation <. : t] U' v:: es ce. n leakage f:.::cm '^ir^ in a small 
r.D. or patients without I'-^.is ct vi^..i'.'n. i^'i.ri-.her randomized ..:lin. trials 
includincf a laraer n<- . of pati^-nts aie uno.er way t :^ ciufirm v/hether 

rtet crtin therap- h'e:.^.' Eicia:.. io: i \xb : i.iw: n:- related to AMD. 
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macular degeneration a 

The: ^ :;l^ri: otn-:. }dh;g^^e 
r : ;-d-l . " i * P'C \.^^' ': Vi iJhv abr rhm :( photosensitizers , 
f : tpnytin deri^a:. i ' ^d , whi ■:n h :. :amu.: ii^.^r oni-v/hat l.e ::r 
J t . li ; e ra-irig -/^dJ vyv)es , -.-p Dn i 1 : n:in n kt..i. : n uitn lijht. 
I' ','-1 ' r.gtn, r^■^;c: i ' -jxydr- -n ar : i tn, y \. e p r aa'.:^:;: :i i ri 
photosensitizer-- j:^^ ^rd.n I -ella. C-ll de^^Ku may ^ia'K^..^ 
L ^ " n; pho tosensitizers -'i ^ I'^d 1 v ;. :> : ^ i: . cll y l 
- ^ I s , :i 1 ] r - ; n sui i d^L^ : > [:':. (:: i rin :: v;ni vh. tai^: 

ir^.e-t. This r-'--dev; jn ; i i-r- 1: i; fn'^- r.:>V!,rd.e p l v })e 1. 1 i -f' £ :C 
photosensitizers tna". relate t > :heii potenr c-p.r^city t:- i.rr.lice 
c-;d 1 .i^-.fith up'i;"- p:. )t ■' ict i"-:> t i : n . Photosensi tizers tri:f;i-:L' 

-.is <;;ir-:cv a;'tj:>n '.aon lui t. ::c-non'.i ri a , teiit.ur-- i^n.ibiing PDT tD 

le .^r. et:f-:'ti-^- treatment dl-ea.:-- c:n:i_r>Dns in wr.i :;n 

=:nr I.-.-,-, jpt-. :.r;i l: itie ::n.;ij l i sni£ t .: " and.i f i ::heni cd'^ r ar:e .it L ■:i;ier.\s aire present, 
dr.-r ■; - ntri^'Ut . '.-n :> :: -^e^l : :(n . Lr.a e"-r:rd:s tlie }: n :)*. :-dynari_ : e£te'::t ar.d 
tne L';i.:r: : i.nsh.i.p T'DT t. :tri-.T ..p jpta'i: i. .: |r .:t*d-iv/...ys ;i t e alsj ccnsiciered. 

i. :'cn'-::iu. t ry I' ?dT- i. ::-e op^ ^sis r':)i:teL-^' the 
f: ..•..::«£■= ir.di -atic^n-- , =5 n.-; pr-r :;i. -ti.r..f the p:tent.Lal 
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AB Age-related macular degeneration, 
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.ibMe'.l Id: Id :i -J-\ ; 4 4 . Mecnani sns d t 
rtet-.'rlin tc l 'he treatment 

:t:y IdVd- H :■,■..}: i t 1 , Lab'V:k, Germany. 
; 4 :i > 1 --2 . 4 . Re:: : r7 , Jourr.al 



an". 1 y 



\J\\ : M e :i .-tat.es • Langu ^ge : 



M i Jthin-:-- s 

Ph: V 
nen-^' 
c in 1 y 
\'i : a 



1 n 



lo.-ei iy ::3e I'ple iii. de\^d 1. vp'r.d c -'Uri": lI 



J :i tne l.---a d^ng aau^: e oi 
^rs . '"h-i fma i 



.: :a;ja 1 ;it^' in 
.:n::a^.-^ir z.^r..^ d 
1 ari^i 1 1 naniij 
I ac .1 ::y . 



i ■ till tne prei tr-r 
r. ni.-:it d d-n^ n it inv 
a 2- 1 r na'..i*: n: ana i 



treatment t 'Ji :n d r: d : .ia 1 

e tne i::)\'-a, b^.t it .5 fait^ble tor 
can L^^..■l^i rc irua-^ :1 i a tr- loss jf 



ac:. ..■^'-"it ion :)f ^^ei 
the I' n)y ) has } )een 
an :i ^ ^: £ p'-'t enn^.:t I t^: 
ha a -s i'l' he en ^v.drge.i: 



jdynami therapy \;ith Ud e d) t ;)l\at :> ;:naiu:. a.-. I light, 
p ■' :: f: in a.: ji pho tosensi tizer i '^e l t--^ f m 



^ a v.vn t 



;e e f f e'.'ti->;e in t re li". :f ;i s c., 1 a ;■ i zed tumors, 
^rea* :,ther c:<: nd it i on.: .i.nv : i v in .r ne i^^^a.. :ularization 
5d. :-d:ec: inic.. 1 ar.d cLinicjl st .ille.^ h ^ve indicated 

treat cnorjii::al neo- 'as culari za tion 



th.it -^ert^^p or ::in therapy .:an 1: e ust-d tc 
se: "indary to age-related macular 
degeneration • 'f tecti'/ely .-nd safely. .5electi-^e 
ch-'rcidal neo'/a^ culature r^y this therapy cau^e^ 



cclus ion o f 

minimal damage to the 



neurosensory retina and, therefore, dcer^ not induce lo-s rf -isual acuity. 
This t.enefit all'-^v/s ^^ertepcrfin therapy tc^ be u.^ed in ^he la.:.ije prop'^rtion 
of pat.ier.ts whc' .;re not el.ngible for treatment li'y la.^ei' 
photocoa-iui.;i-.:.r'n. Thv mech.-.nistic asp^rct? :i th'i mode cf act^.on c^f 
light-acti-/.r.:e<?, - ^er t-'-f r f in are de?crihea in this tei'ir-v/. 

2000:.:04eL7 Pl ^unen. ll' . :-?::6I17 ^/o r t m~ .t i i n . ircctt, Lesley J.; Goa, 

r'.-i-en L. Adi..: Int-: :':na:. i '-'n. j 1 Limi"':d, A-..ckland, N. Z.), 1. r-..a^ Aging, 
.oCi, l ( r:n':;: 1^ h 00. CO'jEU : Lr-A^Eo. l;;.rN: il7l'--.:-X. 

•ii^lishei: A:1lo I n;; - :na * : <:'nal i^td.. 

AB A re'dew v;.i tn 22 r-i- i r . ^ 'e r te^ r r £ . n, r-,. \. enzoporc hy: ir. der:. - itioncazii.i ring 
A, 1: a ph':-t :)■■ en. i*..- ri n I ai'ug' t'-f r .he * o<.;yna.iiii c rh*rLat:y ■FI-Ti activat--'d by 
^ -^w- 1 ntt-n- i f.', n ■n:L'r-.it - ]-:i-.rat ino Aich*- rt -Sgmn v;.-^.Leng'.li. Ai::ti/a- ion 
,:.,;v:.:-ate:: ^yt.toMi": - vyien fre- r .vd Af . The £]. f ty ..n^:; uft;.k- cf 
^'-r-'-}: or fin^ r * ar^.i-'t ..-I.s wi^h hii_rn e:-:]: res <. n l: 1:^- . : ip opr :>tein 

hOL re ::eyt ■>:;;■ , ^' . ."h \.-:nc i ne; - i;l c .d ar nc: : tliol ia] jeL^s, .i 

-■o-n.^i-L-ed b\- fhe tse .t -i 1 _ p^: .! : in.- 1 f c Lir i : a 1 1 c n oiiid i.r raj '.p'tarc-:: by 
^ .a;MUa LLl! -.'erteiM:.: tin tnera^y ' -.t b.gnt acse: • i':- J / on.: seJe.-ively 
d dn<;.^re.^ ne^: v .o A^i r" -nd 'd^-rlial I'.adir.ci t b r^: Mt u:: !: rniat i on .no 

V,. £ic c .• ;'_'i.:.L-.ri ! fiiaaj n-r.iva a r \'e.^ .:e.A:. i:. £ .1 b'-^eal i-.-^on? 

in j: . it i <;;:nt. : wi^h age related macular 

degeneration .-J-l J ) • r-f..-..r.ed i.np 1 : cat" i t.- f ■ -:r r ---p-: : t i n t:.-rapy 

rncf n-J i rn: r .)■ •':<:i or ria .h i n-rd "i .• ual ."i 7\.i:.y iri tb-r- m..- t o t y : p a -.i-nt s 
v/ioh j: JHK- .fuli^v-r^i oniLodr^al n'-c v:t.: cu: HLi .^i^ n 'Z]'r/\ se:;':. iaiy 

t. j ;Ji:- at. 1 -/r'.s f.A.':\;-.:p in i 1 :i :-ge itv . J t i ;:ente i , }d .'.^ebr - -i.ntrc 11 i, 
i.i- ul : e-bb: n.;i' • t A.l.^ . rtne r :n : re , in a iub^nroip of rn*-^.^ ])\tient.; v/Ltb 

: led ii.in-:.n*d7 :L-.s.:i-: "b ' .■ e r : :;d fv t y t .^J-ID, :nr:re v; :: - :. jr.iticantiy more 
mat::..d vi:^..;d. aonito ' i. en-t . t wit.n -A.:: of r " ej ir : i n : e,;it e i -yes 
.■■vo-Lien:.:r.:r l-s- tn..n lA-iev.er .lo.i :; '/A A'> • • with place::. o 

treatment. ':ialt:pi-; ap: l:..-a:i:n- :d: r tep...r f i n \ber ".py ^:er-.- vJe] L 
- • l.eia"e:i in nit.en^, .n .bt ::ir^ s-r; -on. Ury • "be ni^.s:. 

■ -mmLr. .;i .ro-r r.--e e-:en*o ^/-re \d.:..--il :li ^ - n l l.'an.::e3 , in;ie-::':on .n^.-i re^a^V-on;., 
I .M'y •■i-er.i-i t.i'': ly r-:M .--ti i"lO an :{ :.nt:..5i -m re 1. ite-.i baib i -ri: n . 
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-ban.re-? iiM.e- r n jt : 'iynam. t.n-ri -a.-y I lir . A tv/j-youi: : l.-w ■■ ■ st.iiy of 38 
r^ti-rrit^y. A-:ie i h :0 r:\'e i ■ 'le t oiri len no ;h ph j" c>dyriai;-iio :;n-::r "heripie A-'T). 

r biuf ode T'b :! A-t-.n >.o\ it-^r . dnnr-: k.<ri •• - ?Ationteri. dicib^A.: 1; Bar;, izetto 
1; ■ -:hini;ir-r,i:tur-.h 'A dA _ni < t ir Aao-rnbri 1 -un;le, Me , ;Mni ::be -Jn i ve rsi tat 

b-de-O. ) bLIbI.-A;E AANA'A:-r.AA:':'EA rJK A'.f liE^dlEAbrAFd^'E, 1->J: An j ) .._7 
.1) -4 ■:^'..rn-.l J.'ae: 0 ! 1 4 1 : . l^.AA ICIA-.-i .6^. ::.jur.try: GEniA^.'Y: 

rm-iny. Federal Rer':;bli-: : . bin..f.,aae: -letruan. 
AB b;dd'v;Fd)V::b : i'bot -idyn.ircii - tn^r^ity a n-v/ jpti .in r treatment 
:f on': r J dial ne 3- 'ao ila r " o-it i jn m p.:.o. i-nt.^ v/itn age- 
related macular degeneration- Bit :ni:i ji'ial 

dian.re.i; ;ind n.- >::ia t- :d ; n ;j ir^ 3 rapn : o .:n-r-.cteri-^;t:i :o ;i 3t ^ een f..rtber 

-•■al.ated. ?.\TI EbTl : I n li-j -ya n i rie "freen vngiograpby vja.; u.i'ed t: EoLIir/ S& 
J. ..c i ent:::. v/ith <■ ul .f : ■ '-^a L di:.r:daaL neo'o.- .-. rul ir i-v atr :>a ..n age- 
related macular degeneration oe r .p t j rwj 

•^eai / . All p' i*. lent." v.fer-- t; crat ed vjitn tb^■ photosensi tizer 

3.-'nz -it :)rp.nyr:.n D-.^r j " it i ■ -MA t-L^oel^dn; M^tner i ^ i.rigle or: tripJ.c 
treatment. r^^.dJllS: Tnd^ -.y.rd.ne r^reen .;n ;ii :. ifrapny on:.vj.;. tUD 
erf^- :t3 p.n jt J .iyn-diic Ah-;-.rapy. In ^n- :'ne hand 3ei-;:c:tiv^ arii:i Lasting 
^l-:,:nre ol ::n3r3-d;A ne 3' ' a:- ■:: ^ 1 --i r i .^^a t .i -in waa d'j .: in. ;ri ted . Inor^i.d.iil 

: :^uA:;ri.--ati 11- .: . ze -in i le.;.k.:ige v;.;t.. i :fni f ^ o<;n 1 1 1 y fei;la:-;:d in oh-;: 
entire treatment gt...p t .7- and 1 3 . .•■ jne \;eeo atto] 
treatment, 1 .■'11 Dv/e :t : .y ^ 3 : cv; morea.: e 'i i . - <-n :i 4 1 A; ^ a* .^p t d 

f,;: --eir- l^ngterm r'dl^'.; np . Jn tdie 3-.ber hand ph :> t :.dyr- aia_ : : therapy 
z.iui- •••6 typii: illy a }.---ri-le^i :;n :;1 hyp<: f ..ac re.3 cence :.n Indocy-:.n i ne green 
a;-i gi jgraphy . Thi.. ;iypo f luores ^-i nee ii uiui-t lively .lue tC' oh:'roidaL 
hypoi.erfusion and '.'a* cular end: thelial changes. A continuous inorease in 



f lu.Drescence vjas shown, reaching aaain ^0- of the p^retrea tment intensity 
at 3 month.?, documenting a g^^od rec-'j^^erv of the chcr'ridal netvjork. 
:CN''^LU3I(jN : Tne result- shc^u that pn.j t o< lynar-d c thera);y i£- an alternative 
treatment in age-related macular 

degeneration WLth -hori-adal, .^ubfo^e-l nec culari sat-ior. . 

Ind'- cyan i n :rre^■'n an ^i'i'g laphy fie well, onirroidal :iianges a,s;^ociated 

\7.-. th thi.t' :her:ipy m;; nay k'*-- neipful ro ::n^''.^e treatment 

i:. t-r r\^al.:- . 
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1999 3- Drcum-nt :i: . ;..?2 : 4 : -l ? Oh urig i n :f vnerapeut L paradigm.; fc^r 

. la t ive age related macular 
degeneration: -.ntr^nifi'i'aen i o ^gent- vna ph tc dynami - therapy. 
■Ji.dla, Th:ma.:: A.; I'r^n:^ , fvn-i-d 1.; ' : : i. .iw- 1 , Mark; Fratt, Lrnda 11. 
■lrj.;i.»na Ur.i'/'-; : .3 1 - y Ma-:ular I ) --:jen--r - -n i:linic ana F:rr::earch i^-nter and 
T;-.--- ' 'i t j:^-o - R'-*: ; na 1 I'-r -^ce, ;i- par t^l•;^:■.^: o£ I'ph tna Lm: L : gy , Indi,-.:-.a 
;r>- - oi-v :h-oL :t Il-dic.i:.^, Ina:. r.n.";:: I i -A lU , UlA). hxp^er: dp.inion on 
:n-v:;.trg,.tion..: Dr.g.^, :: ( , ll'A--:.:_ iEn.rUsh) [?\-. CODEIA SOIDER. 
A-AIA L314-: [ulili^her: /.:^nlvy T'^;;' 1 i v i dius . 

AB A r-\'ie\j v/irn 3 r- f .-. . Age related macular 

degeneration ^-^-U) ) i ■■ t^e 1-^.vl-ng O:,',.-- i : r ceve r:i L;: 1 •;: viEUa.. 
; . ■ •■ -ii.:. --—od iv.A.e^ . '")--ei:a hi, .-.p} . 1') - -0- jf pati-r^ts 'wi-^h AMD 

MMn.ih.^t the m:-: <dat--.'" Icim, \/h^:;h i i. r-;-; ]: ja il" .^.e f:r i:lj3-. cd ^:n'r ';r,.td. 1.2 
ra -:ai^s of ,:-.:V'---o -'i.-u.-il !■: . . tLon ,-:iL'. W J : .. 1j.:.; de^^^;- hi'pi :7 in : ne 
-:;-:ad<<\ ivo i iTi ^f .'J-ht '.li.e t ,- ibnotrii.;il : : : . '1 ^ J. n^ : v a ju^a i: m^nt r.;.:ies 

■:ir.Tl *hat. d-'"elji ij-u-lei th- rerina. A'- :< .-.erovis f i a ; '1 :vnd l.'jc-d, and 
al - a iiM*:^^ly :.v..-e -i 1. l:.n<::in :] d . t ca-a — a. r .n, an.l an<l'^:, tho retina. 
.:a fi-fvntl-/, A';^ only we . 1 - " nd . ed c;!-:; vw.l-iiy ^ j .:ep '>:r':L m-^ahod rt 
treatment i .. .^^et p-rLO co-^ ■ pu ^ a ti : n .A vne :K"dI. Hjv;--a.-r, c^i.^y a 
::un::':atv of ]i;v-Lon--: wvth e:-.n:ati\-o AJll) .:h:\; wol I ■ :le:iu^ r./,;ited "-la.;-.^Lc" 
Jl." amenak 1 to ]v-;-r treatment, orri :A Ivai half : t ^he.5e 
p;.tie:nt,~ satro: pe r .a: ;A.:enr rec.iien" ::M:I :orm..ti:n wi^nin tv;^ years. 

Tn -ddn., .:in>j th-- treatment its-;-.:i .'--noe.-. ^ p:An:;ing oeniral 
.- :wA.Mna v/h^r. v he ::::\TI l:'7--i'. e:i ; ■ ddA'V. -Ah y , m^ny ;:hi n.. .:i an:" d;. t tceat 
■^htM-'ea: CK^^A Wi tj'i th^iao treatment 1 irtii *. t: i ais , th-re has 
L.--n gie.^r d-al : :.:itt:Le/*. in :i A.e rn : i / '-r tner.pA-^--^ fjr /Jth, in Audlng 
- ani.fio :r-:-ri 1 .: a ir-vrA.;: and p.a : t odyn ■ :.h'riai'y. .An-;: i :>arneso in-.-'oLves a 
.: 'Mr*:, ex _nte;:pla-/ - * oel lalar avor.^ ir.": ! -'-n i a .:a ? r-vd^^ of h-Tat or / that 
.-L-"* l-ioth ir.h Cory .a.d 5 : ii.iil atory, 11. .rr a/tn f i:'Ao.r- ha"-r t'e-r-^ the 

" - '.nov7n :-el: la ;aa ... A: i n'lf a;i-nt;-' .a:a:.h.il:i[ . . . , k'^t 1d.-re a:e a 

malt^^ude :t p-Aenti;.: ^ire.- lor inhilatior. :1 an t i :or.;:ne;- i .= l^y p'h:v:macol. 
vt-^jA:./. With reij^vi.:; p'h o lyn^rL -w.eL^py, p^n :A. : tm.;^ L 1 1 i a :f 'iye i^ 
ir. irrcted ant: a"-a.- -a A;;rly .= nd low pi-.\/e:: !. hi-rr A jnt L: u::^-;-d to a::ti.'-aCe the 
iy--' witnln td^e Aldl to oa.:'.r ■ - a s ra. : r ' " 1 : i n c-y i pAiO*. o-nom. r-.-.ation. 
.:ioauie ot tdie :irA-l . :■. ac:hi-'^-a wi^r.ou" .= e-.--i:' :A i a " - r.iA daivi :(e "o the 
n a'l -v^i :3 a ,il:! f tis.aa-.-; o:-:;a:a: v;: " n In.-:! pa:' a:; : :rai .it a: n . 



L9 /-IIAIEA 4-1 Ir a- iA'l.AlvPCH i:-FYldodi' l-iH 151 ( ?: ■ D'lr-Ll o.^TE 11 
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;■■■-] A hf't.ia: nia -.a t i<:i A:- vrr.'.h p • a, *; ic^ 1 jaO'ilLj^l atjlity. .A:/.-Aer ' h 

nt;; T-^eLmo.;-.- A A; Pa"!:. J; An zenl ) a o:;e r F; r ,:-r 1::' v a K: .:^atj W; 
L); Lyn-h ^A P..a-k C 3; Try A; AndtiiAe-Ai. B; Horira: A; Itody T D; 
M.woa D PA" a .. V. VllA^ TEXA,', DEFT 'AiEM i bDAAlEM, Ald-^TA^, I'h 73^12 

f.err_n*A; UhAlTEAA.A IMT :E.lId'lAF v MIL SPIl., ;dAri:rA TX ':A712; 
IdAlll/arAlL ]:i:, .SlfdllAALE, CA IN.A' ■ :HEM TEaiNlh, LE?T .^lALVT CHEM, 

■'K-Jii.21 PFAA-fE 6, AdAdI F.EP-ALIiA I ARE ^^JID AITA I E J ^HEIII oTR',' ^MAl L999) 
-^ 1. M, ho. rf. lia9-.:0.:. lallisnata IN'!' dNl IN FPPEAPllIED 

■dloMIlTRY. J J-t TW' ALEM- J4DE?, DR, FA- bllC .L7:7, RES TRA^J:GLE PK, No 
^■A-9-3717. 1.A3N: 7'o-4:45. ?ab. ..lintry: U5A; -AAtdrf F^EPUBLId. Language: 
En 1 i h . 

^Idi.-TJ-ACT IS Al'-AILA3hE IN THE ALL A:-JD FALL FC:-JL\T..A 
AB A number ^^f ar^anaM : and nonaroma*oi- expanded p'OrpjLyrrns have k^een 

prepared in the aath-r„ ' lab .'rat caries . These are allo^v/ing a numk-er of 



impcrtant theme,, t be e^plrre:!, Including the c : ns t r ucti -n nD\-^el 
cation- and ani' ^n- -.:omple:-:inc:' agents and the genei-ati^n ?f dr -andi dates 
V7ith ronsiderahle 'herar.eutic p :)tent ial . In this reaper, the ^-^e 31: 
.iadc.:.-.ni jm( r II ; an:; lit-rtiurt { 1 1 1 ) ^.exaphyrin der i -/a t l^.^e.:- -espect i ve Ly, 

.ijju\'int.3 £->r >: ray rad: atic n ::an:-.;r therrafiV and pho tosensi txzers 
!::r ..^e in ph-it iynami_c treatments canct:^, a tl.er om.i t -.u- 
; iaqie, and age-related macular 

degeneration ^-^^ 1 i re-'ieued. Alsj di ,■- -.i,^ 5 -d ar- the u/e jf ■.7ater 

luT'Le 5<\:y.'h-:r.] n.i as pitentLal. : _ i ^ re::- rent phnsjhate .--n.' "ir.-- an'i DriranLC 



.: : 1 u : ■ L e 2 , 3 - d . J y r y I. qu i ii ~ x 1 1 in 



1 va 



as :)-'i"sibI'- f.U'jiile ani-'in 



i gna I in ^ .-i :ef.t :l . ■ 
:-::phyr:ins wi'h 



cent synthe*:.i 
5ha.V'\ s and :t 3 



vor-:, '.lea i ^ne'.i. tci pi^dn^e -expanded 



L -ai 



irnr-vt i: i ze 1 
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macular degeneration wi*. 

-ul -^r De.|vu*--J n VJi. ^r. t^n:^ 

' 1 J( ■ 2 9 ] 0 ' Ar-hi-^e,- :) : J 

r ;\ jl i . n . 

AB : \: ■ ^- i-'/e : 7 ) - ^ : mine . f 

-..^iyr-ie; ^rJ-. V^,- 1.1:^:1 tj-, 
^' i Mi 1 -:i ]> er.^ s l a 



b:-:)3:s c ^I'Vpj Jii': ^ :)0- M.jai :a:l /.brT^-A'^ys :mc, djplicate 



z'll a r L z 1 1 i . ; : i age - related 

[■' ri 'V :A: 1 . r eat rnrvri* t: --".7':^' ::el a^ed 



r o;:i -l^^-^'iV/ in til y 
] :\ \ ..mj ry , 



TAP) 



I J! : 



( J 



:99-- ..7, :f^) . L ), 



;ly:iv;M.Li-: r--ipy t.r: 



.jt 1. 



.e; 1 ::*r^ y 
:'L I'l i-:t r.e 



: i.^yy 1::) : t: L n 



i 15 i l : y age-related macular 

degeneration -AJO . J^js : :jt.: T^, * :■ m^. l.V 1 , d.) li e-iri.- ■ k-d, 

t 1 icel.) rcai'. ^ , 1^ ^ l cin i :ni. .:ea ::i . n l jal ^ r i .:i Le. . /^rA: t ir. .r : 7v;ei.\,y - -u 
■■r :it. r. 1 IniDl "j-iy 



1 -■i-::r. Lce^ in F^^: i^p^ii Mihi N . L ^ n Ajneri::^^ . 

uof CN^ ^ 1 1. ■^'nl^^r^l Ay AMA n-.i.^u: 

^e.js m ^r^-r^'^fi. \ Lw^-^r :ii.: ivn/ 1 in \7_L*"n ilen ''t :'i Cir/ ^iid 

: rrrzt' ■::)rre.:*>- I \^L.iii-il a y c t ^yp : . xiiiL.iV'id y 1) AO v : ^A. A • . M-itLcds : 
/ i /: n .iM<:i re i nm* : }:i en^ w*:- r >r :: .u. I'Mti A/ ^i - .: i ^nn; .i I : ; 

ni:: per ^: qu i : ^ riL^.i^-:: c I: . dy ■ n r 1: ^ .> : :.re.i j r p l^^ :■ 

via uei .iidriu.n^ 1 1 ir-^- "1 \'. a 1 n" !'-;:-erL : n: a.: 1 jn -d t: : \ ml 



:d. in 



w 



■imi rial i : r 



p: :)|-: 



<-;t;x^ :)se in 
.1 1 : ■ riLinit.e. ^ * 

;.tjn^. 3n ? nr i 
.1 -r? :: . n is n = ig "i 
.■: V. 1 inea j: 
::v JTL'.":)iit.ln:. , 
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-3t. v7.A:li -I i 1. ■i]^l^t^■ 1- A^ / ■ :nuri 

:1 i :neri.-' ion "> 1 *::m : =dr/ e 1 jn . A" t--^ 
r-eM e.n'zrieiA: "ne .lid^iiL-:: ;;-^y;-.. nien " jAi-d 1 1: rHi 5 : •: 71: ny .-nDweii 

r 1 uc i --ocein 1 - 1 je . 7h- p) Mri<": r y ■:or:v::^ 
r 'i we t chari : ^ I : ^ i P' r . n.^rr i.y 

:in ir/.ent- tj. -nt'^r■l^ -iri.Ay^ i , A*s.: a: V;-.- : :ii .: 

■1 ri'.l t uc' re: -j^ Lri in :f . c ar - ph i o jlK z . :\\* -^^ u^jr-r h -^:a - i" in 



up , 



r ► 



c n ,1 e;^'e^ v/ita 
/ , .1 On^^r i.n .f ) 
c. I : - A. lent:;; 



' i;t^ }"' Di till - ^. :'*i^AK ?:d eye. 



p.. ice;: 



1'^ :-v"':'A.} I 1 



n 1 na t i 



->^-iminatAc n, n 4 ■' o 1 ^ 
^ c ( 4 ^ ) or" .07 OV'E; 

' l-si'ion.- r.r at^:'^.i 6 7 ■■■ 



I J 



i gn^-vi { ■ . .v.: el ^ j a id 1 . s"^ t^-\jr: r tli.- li 

e 1 m^- • )' . • In 



. A^: *_.F^ : monnlL ■ 1.^ 
?■ t:in . npa.::e :1 \7i":}i 

ubgr ^u] an 'P^^e;: , ^ '^i; ii^-il 



■m^;':i ^.o ' ^^r t e^ 



/(■■ it^t'^'O t: f 1 n nhe r^^] y ^ 



Lear 1 y 
-j-zcuoi* :d 



1 tdA_.er.- Ic-'.r: :A 

: ■■■ ; ?' : . A L \;nf ^1: t Ae u tea ) t c I 1 ^ c ( U 
: " he t;':\^..:_.::e Ar.A.Cii". 'i.^^rm-/ i pre'ih: m^naii^ .1 y cla^; 

c.-:nlt -Ar.A Nf'" t.at^-A.^ ::ally 



ic ANV 



.liian.i lean' 



) c miji'^:^ of nne a re^i c : 

le.-'. iijr^.:. ) r ^'y^] ^e'liially wher. vl\-:i"e wa.- iiO 

i li £f erences in \\i t-: u.-i... a(-:iA.ty u^:re j^^.^i^d ^7hon the .1. tea 
wa3 more th.ir. ' ■ ■ hun le;n^ taan .^'0 ^ d::: th^: r^rea o : *:.he en^vr re 
le.-;i<:'n . Few ocular ^jr her .-yo*:emi(: ad' ^er:f e e\'ents ;;e.re aM' ^ '-'r:.., ated ndAdi 
^^ert*:-f 'Ortiu treatment, '-C'rai-'a r ed uith placeb'j, a ucludirK^ 

*:ran^ HAit \Asual di .^turt ance.r ( 1 - ^ 12 - ■ , in 1 ecti :n - :■ i te ad\-'*;^rse e\:ents 
( 1 J - 3 -■ ) , trans i t :nt f hotoo enn .:_ t i^ \: ty reacti': n^. ( 5 -. 0 A ^ i.nd 

infusion- related low bauk pain ( J ■ 0 A - Conclusion:^, : Since \'ert efjc r f in 



therapv-^ of subf'i'^^eal CNV f r jrn AI4D can safely reduce the risk of vii-sion 

-.76 re ::'-nim'.-:-d ve t: t -^pc r f:in therapy f^r treatment patients 
wi p re.-lcraL;.^:!!* iy ::La3.::;i:- -^NV from . 
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199 9:-. 4-44. [^z- z:.:ue:\- Kd. 1. :-i 1 : . i' 4 9 ?h^'*: 'dynamic therapy with ^^ert--p-->r f in 
::: ::n-)r:)idaj n- '.^ci =; -;a 1 ai i rat:, :;-;iu.r-:::i oy age-related 
macular degeneration: Res^.lts of ret t - traent.s In a f^hice 
[ --.nd ,: v-^^iy. jhmi -Er f jrt r., yrs'^:...; Midler, J^an W.; Si .-keni"v : g, 
Mi die.; L-^qu-^, }i-r.= r; h.^r ;: .-i zet t^:: , Iren-; Gragoudas, E/angel : S.; 
^:-:ra!"js, Le :. nij":.. ; ? iyr .le t , Bertrarid; i-'o arnaraa , ::nstantin .A; liji.ati, 
iVuv-; Line, Ai.r.e -M;. r ie ; Bi r :\ u^-er , Re:fir..ili; ^^an den L-iercr, Huber' ; Strong, 
:i . ';.^^iI■e^J; M..ro ■ i U!ri^--; Gray, T:.;!'!; :-\^-:;dni, Mvrij; B re .: :■■ l.er , Neil M. 

R-.tir. I y.'p a; :m-:;.t , Un i '^e r i : y Sy-E: Hj.:.pit.;a, L^jr^e::-:, .^ernany . A: ■.:hives 
oi OpnthilniD] :cy -onL-agc;, M:;9), ]...^7-.d:7 (F^n^li^h) :99;.. CODKN: 
AF.'jPAV:. 133:: : .yj:-^^':-}. ?at }. i £■ r.e i' : .Ame r i ::ari Me^ilica^ A; .= 1 1 : . 

AB (jr I e ^^a.v-T'.: : T: --/.^i 1 a t:e s.alety -ir.d r h : :t. - te rm '/isuil .ruity .^n^l 
luor-'.-c-nin ;:i'.c_ 'r. effect.: V'h:) t j ly:.ami. :■ th-.rapy (:'DT] t " e t: 

e*. re ;i"rnent. 3 '.'/if;, '/e t: tep ; r f i n fjr ::njrjilol ne j ■ • ::ul t ira t i <.'n (T'T'i in 
age related macular degeneration 

aAIDl th;it i-rruon; t :ate f 1 i :> t es .;e in l-;ikage att-.rr .it least 1 c:'Ur.e of 
;■['!'. :)e;-.icn: K ran :1 1'lni :1, na] t :>::nt. e r , ■: pen - lar^el ijha.i;-r . ani _ clin, 
^r-.al intr.c ^ d^rivteni: r --^ re<;i ti-ie:n t d.-a-^ri l ec| ; :nen.: . .?ett:na: F:af 
..J J.rh . In- ^-rr.t-':-^ Ln Eir^jie and N:)tth /-^eri-a prj-ddmg retinal ere. 
KethDd.v : .•r..an:;af iir-i purt re f r a i :oi , •^'is.al icuity te::*._ng, 

.:r Lth : . Ill- ■ ev;.mn.-., -:>l:)t ] h : t :. :rraph.; , and t Iuj re,:- :e i n ar. ^ : r^.r rann^ were 

^tl ^ D 'a L t- one resulvs c t m^.tipie I^j! treatments. ^'.'!0 
le.rirnen- ■re:Mm-n.; 2 ini.i 4 f c r treatment ar.id re t rr- t^nent v;ere 
■.1. i-.en fr ni ' u::--:d in a s i ^ 1 e - treatment idy- r. jth rec:inei-..r; 
a;-d -. ^/-rtep i-r 1 m id^iie o n:j ''ni; inn.= eLl tor LO ::iin. H::iwe"er-, r^-Mpimen 2 
■.i.;"d ; lirht ;lo:--- :d: IaJ ■ ::n[^ -prA.ie:; 2 3 mm after tr.e ^thi^ f yv^ 
" 'e rtep :)r 1 1 n j r.f a.: i ■■■n, v/nei'-as regirien 1 a^e:; a light ojse jt :).■, j , or 
I';--' J ■ ■:r:i-: apt J ie^i 15 mi n o:oe.t ir.fioiin ::':.>Tnr!-Leri .■e'l . t- treatment 

e\-.-ila:-.-.j ;:er--- planneii m :1 parti -ipan-jj up t :> : m: after ur^ t.o 

le'ore 1 tm--:i\t.3 :ri"'-n at .1- r l- vd: irlteL■^aL:. nft'-o: initial PL)T 
treatment. i.m.: lar p :>.: 1 1 1 •■atrient i i \.a ti :n = Mr^r-i: pLnnneri a J' tie t: 
1 ■;■*: rea' j-iT'nta in "! -dlnl. r .-i rt ::::i pant a \;n3 w-rre re- •vn r 1 It-rl .iciiit: : i rae m:'re 

;n :.: arter .r.:. ini tial ET'T treatment. Re=^Ut.-: Tne a\'. 

vi.-ua . cv.v.*ity ch..-:. :re f: :-r tne 1. p a r t i i r anto- v/ln 3 h-'id t eti ea tnent ••/tthir. 2 
1- : 4 wo ntter tn- initial treatment ai-d a f ■oil " v; - ly. enamn . la : d 
: i' \jr^ .ilr-T v.he .niti.E;] treatment v;r..i J. 2 ]:ne,-. (r-.nge, -4 tc 4 
lines in reiim-n J ;in-:; - : . J : ine roir. re, - : t 5 .line::) in :eji:u-:n 4. 
/ i r'U. l.:i r imt :: ::ue.-- were Ovitec; lit the :• tr^-enr-: llrr i ri--i r 1 1 - ipant ;: . d'-'a a t i on 
ri f 1 .J )r--;ace.r. :e,\ka;fe tr^-.m ida.-ei:: ^It ^ f':>r at leact - to 4 \;k c:-a...d be 
oC j-iie' 'Tic; ^.Mthjut. 1 : .5 .;; if vi.^.al aiv.iity aft-rr at. Le-ist 1 treatments 
in 2 ) :f ■- atienti. ;-'imj.Iv.T l r s in :rie - treatment 

eifect.--, the di . ipiear^^nc-: jf lea-o;>':je :! j -urtien^ e<o reguiiir^y a:. L wk 

c;t rer ^a 7n r-t lOrtien t . r ooii j e:: ce in .-a-oii^-f' r e app-'-a r-^i:; i: y 4 t la wo 
^, fter .1 r--:t r-ati'i- 'n: i.n alioo^t all ::.;i;e.--. H:iwe--er, -oriria re :i vri. *; n r)u;-?eline, 
i^.-dia^.r- .-i-t L--i ty arpeated ^.j le redu-:'-'.: after :aultir.ie PUT :;oarse.-;. Fc^r 
'.he 31 pat.d.ent:.£ wh : had f ioi l.ov7-i.p f^i^r j :ao :.fter '.he .ast i-et.r-a : rv-nt and 
hac; r'":eio'ei re* r e t;aent .:■ to 4 v;< after the ijiiti ol treatment/ 

t ■i^tfr- ■ .::..i.'..n . f ' 'ir/ beyjnd -;he .-le.^i .i;;entified be f :a o \:ne ret re ^ truen':: was 
nct.ed .:_n IJ 48 ■ :f tne 2.. e\^E'.i vJi.t.n iila;:::-!:: INV .n regimen 2 and 9 {90-) 
c.f 10 eye. in r^r.^inle.n 4. 'I'he rat.e .iw-.o se^.^erity ot ^'oalar cr y .3 : oiii c 
ad-'er.-..e e-ent £ w-r-i- ml .rn a re.i.^ ed by aiiltiple . ipp 1 i ::a '..ions . c: : n :...u::. ions : 
nultip..e ,:pp: i cu.ti^ n.: '^f PhT w.i t h -/e r tepor f i n .-irrhi-rve repetiti'/e, 
::hurc-tern -eis<.t.i.:n jf f 1 \. res oein leak.;ige from C:r/ .■e:;:'ndary t ;■ /dlD, 
without .I.LS5 jf -Msual acuity. This s^ir.ate^ry :an :e nse^ii in r and:-)iLii zed 
clin. tr.i.als i n" v.-s t i'l^at.ing the efficacy .^f \-er tepo r f ir. ir. PDT for 
recurrent f lus'i^-.-o ce.m dye .leakage fr:m persistent r^r Lecurrent CIV, 
foll.ov;ong an in-tial r sul- sequent PDT treatment, wit.n 
maintenanL^e cf '/isual acuity. Retreatments may achie-.'e f^r Dgres s i' 



ce".5.aticn leakage and pre-e:it further grov/th of CN^^ and subsequent 
.vual 1 '"^ ;3 .. . 
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:;Cnicago-, :.17('^. , . 1 1 - :i L '/ Engl.i.sn 1<>'M. C:CLiEN: AP.C'P7\W. ISSN: 
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AB ("'1 ■e:i;i.-.^e: To e-alu.-.te t}\e :■^:Jety and :■■ hoi teiia -'isjal and r ].uor e^:. cei.n 
a: , -rfrects c> L .^;iniTLe ^ h "'i '.'ciynaini :' '. her y treatment v;it.h 
'V. r-t:e{; or: ir. with \ h-i: use f ^ii^r ^rent (iZ'S.i I'e-si nen£ in |:.atients v;ith 

■.h -ir:- d.-r. neo^^a r cul-.-tr;: za" i on -IT/ Eton age-related 
macular degeneration. D.ic n.r;,: Ilun- rand jm. z*;.:d, 

ia..lt LL-en-.er, open- Libel, :Iin. Vf:.al uiina ^ :lc;:;age l ec: :i men,= . Settmcf: 
F.-.-r cy]rn.,im: c ..>:-ntei as an h'-.i th Arner-.ca .\rd Euroj^e f residing retina:. 
::-i:e. P r VLCip an', .m Patient.:- w.. th ^ub L :n. ^ cau^eo by age- 
related macular degeneration. Hetncd;: 

;v, inaa.n:ii z-d j^rLt.::"! r e I; t: a : un , vi.3ual a-urty t-atin:i, opnthalmic 
.-namn., .:D,or p ho to- M'aph;. , ^;.d :^ lu : t e:3 !l an:iiiig:am5 vi^re userl t: 
'.:"alj.:i*e tne e f 1 :■ of .-i racf^.e treatment phot, ::dyn-iiii':: 
r----'ra}y -ei t-t' . r tan . r jl_'-'\J-uo nlanne<l thr^uhi 3 mo in 

:i"*^:Un'.^: and tcr .e.:.£. than - rn :.n U -.th^r: p.t ients. Penults: The nean 

■■uai .:i:;u.-:y man::- ' an.l rancf-: :f change:- Ir : rn 1) n-se 1 at the f:'::.lc:u-up 

-.'/Oiiin. week 12 ittr^r .i .f ■. ncfi-"- treatment V7r"h reainen:- i 

-nt:or.:rh 5 was -o t) - { - , -■^••^ {-' to +2), . 1 (-8 

1 t: . . - : to '9) line_, res?.. :tily th-.^ nign-st light :1<:;=(:: (150 
zi-aI ) In re g .-III'- '111 ^ and , whi-:n fj r ^i.iC' ;a <:in:fi:>g. n jn}: er Eu.^d on of: 
neur :■.:^■■■n.^ Dry reMna; '/e^sel;, j.-i laea miir.-Oi -^iMon Irso. S Diue ce-.^at_on 
rf f La:, res'jein le-,kaqe t r :.m •.:N'.^ '.:a.' -a o:Lie/ed w_:.h:)a': 1: .t-s of visi :n when 
'he ii.:rh^ l^s^- a-:-lw.-? feo- tarn 0 J ' chl : . .■;y.^temi■:• adverse even-s \;ere 

' :es:= at- f tlucresj-ein ^e^kaj- tr--i]i dIJ"/ ■■las n:aed in all .rerrimens 
:■•/ i nf-er r^ho t j .lynaruio tner^qy. F'.iV' yes c-\'2.n leat:a:re fr::)m at 1 ea;: t a 

v,:):^i:in ■:>t th- ::]r/ reapp re 1 oy 4 t: .2 ^/< <ntt--^r treatment ir^ 
"t.m'XE-r. .;i:.l :a.-e.^. Pr.r.gi -.n:. r ; jm t ::1b^:.i.: :::ir M j-y jn 1 tn- ,:irea :)f :'KV 
.ol-n:itied oef:a-e treatment wa.-; r.ote:; in 4.;; (:].■: :f cn- 33 eyes 
•a_-h ::l^.;si:; ' :N" ' L : J I'jv;*:- :1 ufj fo: 3 m: -.if'^-'-r a fie treatment- 

rl/-:.". i ri ^7h^:h rne nrea cf an'.' nhl' l-E^ak-ig*'' 12 \^-: vja^ .ess tli^n at: 
h^is-;line h\d n o i. Trn i tn caii^ 1 y l-;Mer vn-u-.l acuity ■:atc:.:ie (+-0.3 1 i ne ■ than 
■■;ye.:. m v/h] oh I'lVf l-akacre p r .ic re.-.i e :i ( O,.-- line.. : : n u.^i i :)n:i : 
Pi-iDt adynamic ^n-raLV v/ita ve rf a} . j i: f i a "icn^eveJ ahjfz-teim ce^is^itii^n ot 
fiuore5::ein le i e i :Te t ror l :::M2' \/.^.;-ioat. 1 ■ jt vi.vi^n r .frov/th :;f classic 
CM' iu .seme p^t^eat.i vJi:.a age-related macular 

degeneration. Ex ;ept for n .n] e r l ua i on o 1: nea ro.a-ii d l y recirial 
■/-.,.^el:i at a .d..fht lose ^ f .-.I'-T ami, n :a;ner a.h/erse e"ent.; were ot 
■: .)a-:;ej-n . ;-.and :::;;i ze 1 clin. r: i . :■: t:> inve;:. :::igate whet he: thi^: new raodality 
-: la t:'re3er-'e 'doua m piti-rr; ■wit;n ::;V .;.e :;ond.nr y tc age- 
related macular degeneration t<r-.^ iu:tLtiei. 
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E hotoavnami^-: Therapv (PltT) i;= accepted fc^r treatment of 

.--.iperi Icial and lum-n-- cclud: n.g tumor.? in regions accessible to activating 

.l...ght and i,. rv-^u :<n..:vjn to be .-Efec-.-.^e in c.lo.^uie of rridal 

:leo^^iS :ulat .re m Age Related Macular 

Degeneration- PDT utilizes .. aht orbing aru^rs ( 

photosensitizers) tj^at aener.^'e the :;.ca:iiz..d f ...rma t ion o: 

Lea.jti'-e oxyqen 5pecle:^ after ...ighc e:-:pe5.ure. In a nc . or systems, PDT^ 

ha-E iriiaununc':.iul:i tory eftectc; i'hotr. (-iy;-,diiL-; c Inaiune I-lodul^r^on (?IM). Using 

.Pjw jntens.rt:y } ho t : dynami ?. regimen.-- ipfd ie<:i ^-^^er a laiyie body surfai-e 

■r. r'"-.i , ri r ?'T: _ ivn ot m:u,5e ■ iitLmur-c cii s ea.:.^ c .'-.^Id re i nl.ip.. te'd . 

r'lrtner, th.n--; treatment str->ncly inn.mated th-,- .nimun-:!.- 

me.:;;-a^e':i c-nt::ii.:t h vpe r en.: . '..i - 'it y rr::;po].se tc "Cfically /ip'f ^ied chem. 
r.ap-en... :i:u!iun^r mouul:;-inn aj-pear,:. t: result 1 i.rm seleTtive targeting of 

r- . -/at" e :i T l.ymf ho :-/tes ana :^t'.\u. in ■. nimuno." t inn 1 a ti : n ;.-y ar.tigen 
V r';::--ent in':: .>.d, I.::.. . r ,s o 1 1 a .-d ;: , .ni ^lunui-.e-nerli at ed s n c-nLu:^cn, exhiViits 
heiunt-ned -pi^dermai ::ell r r-.d n::er.:i V: : n, ei:M a-" rria I ];=yei' thickening and 
rLaiiue £ :■ rD\a ti ■ )■. at ci i f 1 e re:.', v^ody .M^e-. In a i ece.n:: :iin. trial, 
ar.t;uv>:. :.ne tiurd c: p^ti-nt:. \;ith ],-riH5i£ .ind arhnriti.^ .-ymptoms 
■ l.-. ti rti :: ..rthriti i ' s^ d r/^rd a . f _ =ant c 1. i n . imf : c 'er len t m se-eral 
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i.: - j-e '.at" tvd i. a r.:.:ue'; • • i 



i/e-i'k] -; '.7nc le -i c .;y ?IM 



treatments 'lA::. ve r f; er: : i : i n . 'i'l'ie ::.-il:-;;ty ^r^rdil-; v/a^- t a-.' d rab ie . 

r;] ).a :u t o: ?III mil i'-n.:e o*ji^:' hLum.hri i i:i]in.ne :i i s " rf.le l including 
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L neunu-;* 
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\-.Bot;-act 13 A-7.:L7iDLE :::: tht: all F0i-:iA7o^ 

Ph. -.odyMami.-- ther.^py : PDT 1.5 a n:'-.^e- thv r ■eutica:. apr'ro^.cn vJhich is 
;i . n ^n-.' i"^-::' an 1 po L-.':'.!.. .. 1 1 1 y ::. e lect i//-;.' f:.r n-f- > 1 a:^ t:i. c p ;;tL .1 :^ ;;ie.;- . 
A.-.-.:OC. i1: L :>:: photosensi tizers '^at:L io.; dens.t.y iipop r Dt '--i.n 

■ :.L)L) _*;-'ai.ls t. :;ir-r?-:' -.trgetinj ot ■■ ne :realt;i .ir:!.5ic)n; wi f K enn^in ^e^i 

li3.'.::irv ar.-:; £ el-;; v.ivi^y. LI'L-necii -^*;e .; PDT . .•• p.ir :.i cu Lci rly usef iL i.n rhe 
treatment :> t n-"- i 1: t; r ...(.::: j te:;. .;■ ;.ri LTiP :>->-pLoi;, a:e 
\j.und.-i;,r.I'' ex:- :"rr.-.L- sei'i "a."c..lar en i *:h'r 1 i a ; ::'r-.',5. 7', e-\'alu;ite tne 
; ' : -?n'. _ -i I :> ^ ;■■■*] e :; r. p;. :) vo ilynani c v is >o 2 P.l.^ i ;. ]i i ti r.ei3\'a i :: J- ai: 

.v-^a.:-, -t :r -r:-:p'' i: . rnenr s .? i ifivv : 1:;.. ien--y :f rhe 

:.PL- = -. : i L'.;r w^^.: t.-2;.,*:v:i .i. '^iri^, an:! *:h-.- .;y.:t,''::i v/a- then r r ;ir.5 f ';r ;:e.:i to an 
l;, vi"-> m.;'::i-;l .ieri-^n^A 1 i" ; n r 1 vs.^ cu . M:i ^ e.;; ne jp . -m, K'::zl^zi:n v/a.; 

■ :e.- . r i M'/ p-i t ■t-ne:; : 1: -"rxpt.- r Inenr :...ly - i n 1.1 ::'=d rr- D^^^ri ::u I a 1; izat : jn m the 
- rne.-, , v;ni.:e' -:-lT-:r.i ^'-.j > h .t -.Phromri jj'- is of .:.uhret i.r.al -/a^ ;uUtu i. e ce-eaied 

: :.)]:.al-La. d;.:;i-i . Tnt: expt: Linent 1 i-.:U^ti vh -..e:! -st.iblLsh 
.T tit::;., ^lin:::.-! "r. ii r"r tne e j t PjT i:i age-related 
macular degeneration, -'n- t the le.- ;l:.n;: : a'.:; l 



L 1 



id 



L9 a:p:-wsp 1 :)F : IlMpa:;!-: :mp-/p::??;t , : )2 el;:;e"/:ep b.\'. 

97099':': EM::)A..:E j jcuiti^mt N j. : . •!-70i-9:.-= . i h.: t .-■dyi.:imi. t.n-::raty jf •;•>!' idative 
age-related macular degeneration. 

Huodin :i: :.-::£■ :a-.v. . :.'L. ^W. Mi.;-r, Pe-in- PM:-'.M.-:e, : P..? sach .i. : e tts Eye 

-ir.d S.iL :nt\rvi->ry, St, b.'.-;t:n, M/v ■■Pli4, ■/nLt-r-::! ;:d:a:.eo. 

.P:ninj: ;:- -n C'l nt hi -^ ■ m: - .1 /y ■ i ^ 1 4 .1 :> ) 13r^T. 

K-io: :. T. 

T.^;rN: ■-■15: . jPE:: : .'EliPE'. Tub. :o:ni:ry: "'n.. tr^i ."tat---. L.;i:-.',^ .iai:jo : 

E:-iali.:n. ;'„::o ;. ly i^n ; j i r--- : ErLLrli^h. 
AB Pj-iC to .;yn."in: 3 vher-ipy PP'i'l i;:.. a f or --.-r.ti .-ill y ^ -r 1 1 > ■ " i ^.^e treatment 
'VjCvality, w]ii :;|. i iv/-: 1 ^.ysvemic a-i:ai.n_ r 1 'jri j' 

photosensitizer dye. Py-^ :c ;]Lulc;te.^ yn pi o Li 1 ei .1 *: : r\g tL = 
.-if tu:iL-.i r-,^ an'd l-e ' :■ .. 1 l i ra v. '^n , t - 1 ;.ov;ea y e:-:}. ; uro dI" t h-;- 
: n<: to.- •■■no.i t_z- i t:-,:u- Pi..rht at : v/a/el e:\.;i a"" the ak / -j rpt i : n maxa.mum 

': 1 th'- ..r/tr . 2:-; -..i 7..:j t- . :. • t th-: dye 1 o ;.ds t:: pn : '.c <.-::-;ti: :al ;anv;.ge or the 



1 1 SI.-'' . '.'--.i.': I- photosensi ti zers ha\'e ;. e-;':"! U;.ed 



e:-:}.er.Mont :-hc r" id ii 'a - -..uia ri ;■ ;i ti: n t-:. : n\'e.;- 1 : ga te PPT. We nave- U3ed 

I- ':r.ZLi}. '.I :"i')l-.y ;■ i n ci^- -i - ' ■: M rLorij- .;i ri d PPD- an:; .^hcv-i t.ha::. it :> ;:c.L-^<:iT; ^ 
■ xp;; t . n-rntai ::ni:L.id-:P :)-/a om I ar i ;) ' i " n ( '.'K ' ■ i/ith i.j 5 ij:Tn i f i r.t ciamage 



-/erlyincr n-;'U : .■ en.i 'jr ■/ retin.i jr und-ri 1 yir,;: chLit^i'l. 



'.Lial^ j1 PDT :sin.j PPT) ::>: rrxada t.:i ■ 'e age-related 
macular degeneration ;j::p h,e./e ttar^ed. P r-"- 1 : ni i.a r y 

r-MiIi-/ r^iu^'^e.^t- t:.h;it * can ie c cc : .ded -n t r.e e.:.;ly p tt lea tment pha.se, 
■.v^-h ,^ c-]:ie mi -vl e r:. 1 ■ 'e '-rf'ec*.: at hi ;:h ^.^ght- 'ilL^-e::. F-..rth-i -;tudl-r5 are 
■,naerv/oy ir.-'e:: : itp^te \/hethei: IDT :t .'dAD ■■■;:]. lii.Lp p: -,3 e lorj;j term 
^: 10:. i n /it .1 -nt .■■ . 

L9 ;d;:TUE?. ::d> 'I'F r >: /P:3EA>,CH < -(.PYPIGHT 2.02 I'S: ■ F. PUi LICATE 1'/ 
97:45-; 92 "The Gen.dn.*-- A:-t..i'.;:e iP.} Numt ' r : :-:Dt31':. T Ivc t.^ayn.^mi v t.her.;.py iil 

.i.:\;lai -/ay.:e.hi: di.^^.iL^r. c;hri.:i dt E.r : - ;:th U \ Ir.- ■] : xr:-:) ; Pi r j:c t ..b*:;! J.; hasan 
T. UN:\' LTirECF, iP.'PP EVE, P-:}.,:.3& LVB-ECK, GEHPJiP (Pef rin-i; MED 
PA:rEF.:?:NTKPM IAEFCF, D-p:-^0;2 L.i;bECF, GE^d-lAI^V; :hPKtAJ-.D UNI'P P'ASSA'.-.HUrETTS 

.■■.F,r: hc::p, iCH he:, wPLLitvP' lap:-. phcpp:hep, BO'STcrj, i:2Li-;. ieee pollnal 

OF SE^EGTHD TCLIC;-; 11: (^ILJ^TUM ELECTF.O LI OS ( DEl" 9 9':) \ oi . 2, No. fp. 
3rb--9"-i5. Pubi-..--he.:; : lEEP-ILST ELECTPL:AL ELECTPUPtfl 03 ENGIL'EEPS IL'P 945 E 
4"'TH ,.-T, L'EW 'P..'RK, N'.' iOia"-;394. I33N: i 0 7 7 -- J 0/P Pub. c<-untry: uEFlMATT/; 
UP'A. Pai".guage: En;p^i.^h. 

^abst:-vv::t is aP'-ailable in the all ail: tall eo:-jiats* 

AB Phi ■tijdynaini'- therapy {PDT is a n.:-/e.: therripeut i cal appr :ach v;hich is 

nL'nin- 'a ji^-e and potentially ; electi-^e fer neoplaLtic f 'athulc gi es , 



Association of photosensi tizers with iov; density lipoprotein 
■;LDL) leads' t^ dire :t targeting ot the created LesiL^ns v/ith enhanced 
efflci-ncv' ani -ele:ti\dty. LDh-mediated PDT lo pa rt . c:u: a rly useful in the 
treatment cf ne j^/aF ■:ul-n r ^^cructures .^inoe LDL recept. ^rs are 
atundantl"' exp r--.-. .3e i on ^/:i?::ulcir end.tnelial cell.:, j e-^aluate the 
^^ctenti.al ct sel-itive p^n t ^dynami :; ■ "ai C'Occlu.^oon in jcui ;ir neova3::ular 
■ii.seaa-; a s e Tuen :e .)£ mK}--:.- t^inen*:j:. v;a.-- ae.;-- igne^.l : E f f i ■ u. er. jy of tne 

-ai ri-oi i/a^ ^e--ed in \'-.tro, the sy.rOem w-^.s then traj\ofered to an in 
-n-JD injle. dem. tr xti ncr h './a s c:u 1 a ri .■ ea r.eop l-;i.^m, 0 ;-. 1 ui- _ i^n was 
1... virei - f illy o-.-rL'^iried in e>:i-er inento 1 1 y indu re'l nec'-'hs ::u 1 ari za ti.^n in the 
::::-nea, whi 1-;/ / e.; e I't i'/e pn :'tC'thci::)ru:>o^ i,: >: f sur>retina; \^h - :vil a t a re rev^ealed 
1,---: >: : oid 1 nt ra L iariiice, Tne exp-:- r i men*, al i:e.5.il"..5 \/eie u,?ed t e.stablish 

ri-r:'- in- ■I'll ttr^l fui one u^e : E'liT in age-related 
macular degeneration, :>r.e : t tlie l-:'-iaing causes f'i'r 
; 1 1 mdn-r 3 s . 

L9 ,^:.-VJE?. 5r) OF ZAPi:'^ ::jr'VR:5HT ^ 02 ACS 

1996 : 4.;;. " 3^7 1) : c' .iii-.rnv n . 1 ^ -:]:*:: 4 6 Fn : t i^ayn am L - therapy :[iT) as a 

id :.L iLiic^: m:'a]r\:eL. r);;'!..:::.:, M^deit.ns; Ta^, :ring-3on:r; H-.nt, oavid; Levy, 
;^iia' 2^" ?n:'tj Th- r.^pea 0 i or , Inc., Vari o ave i , B'::, ■.:;;n. . Pri'-eedmgs of 
.■■FI2-Tne 1 r. oe rn.;^'.. i : fi al ,A-ir:i-:-ty tor ■jitidl En Ti-^^ieer i , 1 o7 ^ ( ■ ti ral 
:iv*nn;;- :: i "Ai.r-r re.iA.nL^.o. ;;:r,d Der -t i ^jr. : He ::h ;in.i sni::- i.ryi 'I'ecnn iques in 
:'n - : a-.-n-^rii c Tn-;'r-ap-.^ '/i, 1 ^ 1 - Ai L E:n ;1 1 ,L-n ) CijdEM: F'.-IS:o;. IS:.;N: 

.'7-7:6:7. rji^^-sL-r: 7r'TE7 7ne Int e in at . ^^na 1 3:.ciery !:oi ijpti:::i.. 
lin : i_ne-.- r v n :: . 

AB ::apa:-::ty ? : photosensi tizers an:l lignt tD ablate :: :;r. jei CiUO 

'i/S'..e- firiii ■..n-.Jiintf: .1 no : ■ ' ::al ^loure ^on^ al tu to.;; tne e^;. .-. io.al app 1 i catior. 
if phc ^ lyr.aiui ^.he apy F7'':' i . CelJ dea'h resul.tf f l r-ni either ne-rt:>-ic or 
- 'A. i ■; f r .■ :'-r .-■-■e; . 'I'h*: u.i-e .) f photosensitizers an .1 l;Tht a: 
■ Ase-i whi::h cr.. n^'C "liu.i- .a-E-at n n.iis oeen A-)an'd t :> affect -ihanges- .^n certai.n 
::eli f: '--jal i;t 1 ■: n.i wh_ z i : t :r.div ^-fLect tneir expre^;iio]. c-f oel- surface 
rv; A:- . .::\-{ -e.;r-":Dr, Dt ::y t. ■: ki nes , th-ret.y aLt^;ring tne I ur.ct i-: n-Ei.:. 
■lAttikaAe^ ol' tne Meareil ::el As . 7ell,: rf ohe inimun^ -.y.-^eni an'Ei tne sk:.r. 
na-/ te ,e en.- it i.v- c: inO'Elo 1 a t : dv 'VEub-l^tnaL PDT'A LmLr-dnc st.idie^ h&ve 
been c^L-nd;. :-te :i tu i^.^se-;:, at tne m;].. AE-'el, "manges in b :o.h lymphocytes 
nn i ef .1 derma: 7e.: Is ( E :: ) :-a-.,?e.:i by treatment v;i:;n lew l.e-^els •: i 
beuz : f 'I- r phyr n 'E;^rri'''. n\':n:aci:; rrn;r .'v (BPD) ( ■ i photosensi tizer 
r..i.rren\dy in c.l:n. "ri.;..b:. [:■:■ ::ancer, p,:.:ria3rs, em:; ^rtie 1 1 i i E' and 
age related macular degeneration; 

mi lii.rh". Treatment -'i. .e' -e : n vjith BPD and ii;fnt, at le-oei.: 
•.;nE_cn .: i :rn i f i E:..inv 1 y enh.r;n ,>E; tne l-E-n:rtn c f murine ok:n a^b^graft 
■vc :e}EA.;^n -^e, }.ar-- b-;-'n 1 c ar. .iov/n - regu.! a te the exfEres-. .:n of Lanjerhans 
ce.l iL:: iur-f:a:^ :.nti:ren :u:-.].^ . (mEA:r A.i s to s -'iripatib i 1 i. t y cc^mr 1 ex (MHC) 
.:l:i:s :T .EvTjd 1 n t r a 0 - 1 1 1. .1 a T c;dhesion moI . ■lA^'A-id and or.e foLiivEiti^n of 
.■■■:rae cyirt-AnTS 'i"ur'LE>r il'E r :■ ' i i fact jt-aipna - TNb- . a . pri-ii A . 

L9 /-:a;v:er a~ 7if z caI'LU:- ■:a'AiTAj5ht .A'O.i aia; 

1996 : 4 1 1"!' 1 orcanu^n*. ;A. . il^rlwAAl '1 iiiica 1. statu.- :>f k ^-nz : r^orpny rin 

deriva^ i r-e . L^rry, 7ulia A.; ::nan, A^ne;: ; 3tr:)ng, H. Anorew {^jLT 
rh^t'E^rbeiapeut.rc;- Tn:., ^^Ei n E.ouver , B7:, K6/; 4H7, Can. . Proce-rdings of 
:-'?:S-'Tbe J ntEt;- rn.;it 1': naJ. ::"0': i-; t y for j| ti-sa... Sng..neeri nc: , 

.■6,' 5 ( Fbs tc sh^-:ai.;A. ry : Pnc t v Eiyr^amr c Tn-rapy and Other : lEi^Ela.; i tie e ) , 36-95 
EngAi::h) 19:^6. i:(j:iEN: P,:d7b';A 1.:;.l:A i:1':7-7-6X. Pi.bAi..ner: 7P1E The 
Ar:e r n.-^ t i c na.l J':.<'.ie^y ici 7'pt.i. ::al Enaineering. 
AB Benzrp(. rphyri n d«:ri". nionoaoirl rin':[ A (BP::)) is curreritA/ in Pnase II clin. 
vriab-^ t:L the treatment of c^taneou.- maliiinancies (ia^a'. cell 

rcinoiri- ana cutan-.tous metast.ases) ..-.nd p::.oriasi;E . Ke£u..ts tS' date 
suggest ^hiat thi.^ photosensitizer ha;:- potentia^ in both £ the,Ee 
areas. Peser,tly, a 3]. in. trial v;itn BPD vjas initiated f r the 
treatment of age related macular 

degeneration, a neo-'ascular ccindition in the eye which leads tS' 
blindness. BFD -s a lipopnilic photosensitizer which is tapidly 
taken up k^y activated cells and the -^ascular endothelium >: f 



nez'^'^asculature . The PDT effects seen with BPD appear tz^ be a combination 
c £ -r^.?culature :.cclu.^ic'n and direct killing :'t target cell.?. Since many 
,;.L,.e?i:e3 invcL^--r either a :ti^^ated ::ell aad,':ir neo ■ ^ a.? cu 1 a t i.r e , PDT with 
photosensitizers ^.ata -jhn .^acter i..? ti =s '.ike r;.c?e or r.PD, hu: 
ar>i: :. L :-ati(in-^ t n wid--r that .nc^.l. A nev; a.: -a of .nteiest mvcLvmg 
photosensitizers is *h;it --t iinm.r.e medal a t b.-'a . A no. c^f 
photosensitizers \-aV--- i^eea saoun to eft;ect :rina.r.e ro:;ijatiL.n in 
.iiaimil models -A man .n- ivs t '-r, .: ti on in.:iuiLn:f a to : :miun i t.y (rheumatoid 
atthrit.is, iao <.: ) , .t.;..ne .^as nyper.: eris -ti vLt y .;:na .1 1 1 ?g r af . 3P3 an'l 
Pr.:t:)[r:Ln ha-/e -Z'orY. j.e-i.-n ..-hC'V/n KC' be er:£e:;t.]-e in i:ne 1 i :aa t i ng arthritic 
;y!upt:ms -^n a a:., cf animil ra:d-ls. The ne..a.ajai m- ry which inimune 
n: -halation i.- -rf:e:.ted in th-s- st'.ilaea a t bl ' rema-ns t b(.' re:iolved. 

L9 /ChrVJF^b Or ' idu/r.-- ■.V'F'Yb:^HT 200^ B :: jL Xd CAL Abi^Tr^.C'T.:' IK : . 

1995 : 4 -^i c 1 bo :::'!:( le at. I^: . : fRKVd 9 -a ^ -. 4 o 1 3b 1 . be.; ,: : k i J .i t y : C laser t,. rgeted 

pa : t j- :^ :: :-ii-: : a or' -'e.;-a--d;:-. As-rLni, .r-i^may; Z-Mmer, F.an (1). (L) 

J:aa.-^ }{o:;kin: ''ai"., VJiLm-ri 'p hth ilmC' 1. . In.:i:.., b'bD N . WjJ.ie 3z . , 
v;.ln-;:r w'; O'l: F..a.m : . ^ 3 ;i b'..i mil r--- , Mb 2. 2 1''-:-. 2. USA. briti^d', J.r.urnaL 3f 
ijr a th.i : in: 1 jcy, (i-ri- \':>l. ^ 'r , V.o . , pi'. IbbN: Ci'b7-1L61. 

.1. - J 

h :i aga-i "le : 'z,:. "f I . ^ h . 

AB A::Ti.:a'b--i -aajr:' .la-:: K-:- : ■/ aa -a . ."i ra ^ t ,i :^n o::-:a.r^ la ntar:y m^^C'E' ca;j.lai diseases 
^ ..:a h.: :;i;ij;-: .s, age-related macular 

degeneration, i^id ri-kle -e : 1 diae^se. b.^jer f hot o -a)3 :ru 1 at ;■. : n is 
f..T..ca:iy ...i'.-a t.: i t.e r-n ""e tiie •.-easr-; ::>af i" ,;il-o :-aise:; se^-ere .lamage 

t-' * .1.1; ::ent r.:ini.-:..i t_s.;-ae.-. Th-...- .s a "eiy i.cr.i t i "ta.^it. lim:itation 
e.;-peci.illy 1 ri tae treatment :1 rd. ji oi ci v 1 ne'-'-^a ;. cui v r i at ior. 
v;ai::n jflen ^:''et. 1 ir^ie 1 :-e.i : :d tne po-;:;e:]cr fole and tY.-i I'l^'/ea. A 
m-ta:i:l, I a e r •.araet--d de.;-v-iy, p.u r.-:--: ve bjf. e .i c^p. ik)lt.: of releasing 
d:ag:. locally i.n<:l n^: a - : nv .... i'.'e - y :n th-: caMa)iaa.l jr retin<.i va cal fi t ar e . 
br.ls ni-tno'l :a'..b:l a,L-ei t'j :-;ta:fe:. a pac' t en.ai. t. i e t tn nt va -ula r 
m--:ru-) r 3ne,: :vr.:; ■.;a-...-e 'neir .- e 1 e .i -.'e cc-al\.si<ja ;: y i 1 r i^d atin :f them, Tae 
t. rget 1 11 :: pa- l ' ei :d t;-.e met:.!:':; piiarii/e to yield treatment 
f:r ne j\^oSC'i : i: i .;a-t i "'n th-^t .icea nc't chaiu;; je adjacent rissuei and thas 
E>L ea-f' r v^e.: vi.-i.-n. Th--- purp^-'Se :> - tne pLe.:--;^nt £t..ay w.a:; to test the 
l:easi;: J li ty £ :aa:da.;Lnj laiia;- \-e.:.:el.-: w_:h thi- nethC'd. Method: Tne ins 
'cessel.-. :-t : he all-in.- tat v;e 1 e ;:h:'^en b'E:C-ia:-je The treatment 
caa...:l he as.^ea.:e<:i ui-.eg-..i v ■ bl y ana ibllowed witn time. Alam.Lnium 
phtha 1 J :;yan i ne te- ra -a^ 1 pn . n.-i e ■,ja.i enc^p'S iLite^:^ in neit sensitive 
liposime: an^a ±iiiri.i .-"tere.i y.i temi ■::aJ 1 y . bh*:; i i i.£ -'es-iels were irradiated 
v;: th a -/-jbbrv; la.-c-t- f r-ai.-';: taeit temper .-it are t*: t1 ':iegre(.' b, :;aase a 
pihase t r-:ais i t. i . n _n the H: ■ :-me.:- -and tner-d:y ^l':cal'y telea;--'r tne 
fihot 0.: -n; It i ei . The l.:i.seL v;;.,: al.ic u£-d *: exalte tae lelc^sed 
ph otos ■ ■n£ at i : ei ,;.nd ^a\;se lc: il i . Tne: effect v;aa m:nito.i-ed immediately 
and f:i : mu.ths * he I'e.n E t- r- . C-jn". rcvl.s lor the eftect of the- la.oer and the 
ua.encap'.a.Lbat. -id dmr^ weie a-^n ai. at t-d . F.e.:.ults: The r--'sa.Lt£ demona t r.ated that 
o:-clusa..n sfm ;e c ea-a e-oe d o::d ;,a:.ta.ined for the periad of iollijw up. The 
c:ntr:»~a ;jhr\.'e.d that the elf-ict was- n: t die tc heat. ;r tc- the r:i sti vation 
of th'- 1jV7 iiws-- <: : free df..a. bi:n:dusion: Tliese preliminary findings 
indici-e that l^.a-.r -.arge^^a-; p li; t j- occlus :. jn is a v^rcmising nev; method for 
the treatment ^ t. ner - 'a ^ ou b = r ; s a ti . 
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AB T.rl'- .--mid.:-. [1; 7., B - E, EC'; Y = G, 7, NR4 ; R., R2 H, 

i).-rfl.-.. ■.■r:'-.l y, '''H, :'ya;..', 7..alo, ( si.E:: t. _ "uted ) -i.^kyl ( jxy ; ( caibonyl ) , 
a:-\'l{.:-GG -.^ rl :'n'7 i. , Let- -r o --.-clyl , e'.c; R4 - H, aryl, alkyl; R5 = H, 
7r',5R:, 'SlG-.c:, :<GG<:'; r.-) - aryl, cyai;':', halo, .jul; 1 1: uted alkyl, 

ait:enyl, -il-r/ny-, i'lf't er j :yclyl , aninccaiij nyl; R: al^yl, a::yl, 
li.-t.e::: lyGyi;, \jer'-.' p t ec" 1 . i treat;, r.c a:.g.i 'jger.- , jaricer, tun^r 
'.ji ^wtJi, ."it-he; ? i::l-' i s , age related macular 

degeneration, CiiaE-.;- ■:■ t -et in^- p athy , ntd .-T-imatiiDn , etc. Thus, 
4 ".mm jj:'\':imi ri i ne xu^^i s t. .i: rea with N.^H in THE; 2 brc mo -5 - phenylthiazo 1 e 
ad'.-lei.l and the ]:i±>:: . vjr.s lefiuxed c '/'E rniqht t ■■ give 
h^sny.l thi.-:j..d-2 yl f yr Lnid..n-4-yl aniir.-i. 1 inn/.bi te^i vascular 
e:t.':iot:i' 'i .: :1 Tr-i'Utri i:a':;t :> r:-'S t..muidted rd : ■ vreriesi;: of human va j'l'-ula c 
endotn."i .:1 .;ells \7.it.n EGG) -■ 0.01-5.( nil. 

l:. 1 ;d;7WER . if ^\ jiedlige Dup:.dcATE : 

2('0234_ :--63 D..' :uiu-'n:. Naidie.t: 2^0 3:'186. I ulMcd ID: -20"'2 5')C. 

Ad-no ■ .1^ - )ci .ted - v.rui- ty}>e-G expres; : or: • -f pignK^nted -p' i t h e .1 .i. um- de r « '.'ed 
f.:::to: c.r Kr.ngle.-. .-3 angiostatin reduce retinal 

n-.-uva.^ :ul ir.i .-a tion . RaiEler Brian J; Bei'n:, ?:enne^.lL I; ;rant Ilacia B; 
B-liae" Den.i .■ ; HauoU'rrtn V/il.liain W. D^epartment ■ d: Oph tha lmo...ogy , Boi: 
1 :284 , Uni-/-.-r,5ity ct FIo:-id.;, Game;, vi 1 le , EL 3.610-0284, USA. } 
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7i:iERICA, (200:: Jun 25) -^9 (1?) ? 309-14. Journal code: 7^:05e^6. I.-^SN: 
0027-3424. PuL- . -r^untry: United S*:ate.-^. Lar.^uaje: En^lis;!. 

j'ra sci.-ar di. s-m.-- ei; -f t;ie :eti.:i-i in .:lude age-related 
macular degeneration -^n 1 ■lia:eti - ret ; nor'arr.y , and 

*; vf^-j^her thev ^niU'ris.-- *:h-j l'--aiin7 c^.^sz-.: :o" a dul t - r-i.-^-et bliriinef.- in 
l-.-vt-l^pei CO mt : i •■■s . :urr-.?nt sutj.caL, r .;.a i n iceuti :s : , an:! l-i=et: -.herapies 
f.r age-related macular degeneration 

n.)l racely i-e.-. .It m ;.mf>rn"ed --.si.'n, -."i :> n.'t s igni i.can tly prev-nt 
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AB TitYe conu:>.-is. [I; R- ( CM 0 ) 2NCH.m:h ( CH-. ) CH20), CH3'jCH. CH2 ) ■ C6HSCH_ ) :.v:H2CH20 

, ch::h2) ;nch2C[:2l', [ZWz) i;:'o45:h2)n::h2ch2ch: 
■■:h;K):h2ch2' :h-:)0 :::H2 ':r:2 ■ nch2ck: (ck:-; jch2ch2 > (ch -so. ) nch2, 

r/cYc'.-:; Lkyl im.-..n-:)r;i-:yl, het er : -yc 1 ylal *-:y 1 , etc.], s '^e i>:oi 5. : me r , and 
p.-Lai-m.-. ^eut ■.. I '..y :i I'.c--}: e ar- pr^L-p-:!. -ini .nh-bit, j-egulave ..^nd/or 

njdul:.-:e t.y ros ..n-^ kina.i-^ ^ran.: rl j iv:.. . Ti'.ie compel;-, are te.- t;ed on 

'ORGF- .i ':inv.^ ..a^e .i nu. to- jene ; i s ■> t: .-iUrLan ' ^a.s ■::u la J- end jtih* ^lial i.:elLs .. n .'uiture 
with i :50 ■^■l...ue5 b'rtv;een O.0'.-:.O .mii.I4. Pb rma .■.eut.i ca 1 C';impriS . .-i.d 
riv-.-thcM:ls o: '..-VLMif r.r.e^m *:■) t.r€--;t ty/Lo.sine ;k:.ria;; -/-de] 'endent; d;. .sease/- ;:nd 

■;:'nd.i t..Lon;i , r;u:;:i - = . ir, ^::jer.- '.u. .■■ , car.ce-, turn.r g^.Dw^h, ^. t;]-.^ r c . e t ..'S^^s , 
age related macular degeneration, 

i^alDt-T.Lc r T't-_n :)r)- .thy , m fd anc'ti t :)ry di.yea^H'.!., et^. art-.- di. cu.h. sed . Thus, 
*.:.e t.itle .:'jifipl. IT vja frer:'."!. 

Lll ;-::i'WEK 5 of n S'.M-:KAR':d '^CPYRlt^HT .i002 :CI (R) 

2001 :'■ •■9^0 : Yli-: G-'nuLne Artii:d..-r ( F. Mumker: ';43>::'^. I:.h.i.hita. ; u cf ch'-'r^: idal 
r,.--Ci\'a i :;ul-:i -a'.i.i^'r. h^y .^:vt r av-no' is iniercdc^:! cf ad-no-'iral ^ -r-ctC' r 
■:-xpre:isir. ,-t^ct:-eti,l:l'; enc;c : .- 1 in . M:ri ?'; Ando A; Gehlbacl'. P; N^-sb.i tt D; 
T.i};ah..n:3h.i ' >:; Gjld.zteon D ; P-nn M; Ch-ii T ; PMri >:; Meli a M; Pnii p.: S; 
M:fia- D; B.:oZjell t:; L...au ■^-z D.i_x<;>n F H ; Cam^ : cni.jro P A ^Reprin"). Cohns 
i;.p}.ina L'ntt-, ]4ed, jef t I'ph th.^liii^: 1 , H.-.mt -ri e-5 "19, 6C C N VJzdff- Ct, 

P-il tiinore, M:) .d.2;:7 USA (R-rptint ; Jclm;-;; Hjpliins ^wl-, ^"ch I-led, de}:* 
'."pht h.^iYmol , Fal t .nKDit', M: 2 1-37 U:-A; ^Tohn;, Hey: kin, Univ, T-rli Med, 
i;--;urc-ci, bal t.rm.-:,t e, Ml) 212:5" U2A; Genet ?nei,.py, Ga;: the r ;d urg, MD US7v. 
YJ-IERI(:-AN JGUP;NAL 'OF F'AY}-:C LO)GY (.JUL 2001 V-A . 159, Nc . ], \\- , ^Ij-.i^U. 
R.ihdi.: her : ;J1E.R oOm: : Nt^EST T GAT 1^ '^E PATHOLC Gl', IIJC. 96i.O P.C (d'^a.2I,F Pn:E, 
2ETHEbDA, M:- 2 ■ ■ O 1 4 - 2 ' ^ 9 3 USA. ISJN: 0002-9419, P-^b . country: USA. L.M\guage: 
Encrlis h . 

*-AbSTFACT 12 A''AILAb:.E Ml THE .ALL AND lALL F0F1'L\T2 + 
AB Endost.:itin i:i a clea^'age pr;::duct of ccliagen X'TII that inhibits tumor 

angicqenesi:. and growth. Interferon alpha 2a blocKs tumor angicgene; i£. and 



causes regres.^.icn of hemangiomas, but ha;^ no effect cn choroidal 
:^eo^'ascuiariz,.t:Lon iCW/), Therefore, inh:.bitors of tum^.r angiogenesis do 
not necessarily inhihi-: ocular nec ^^as culari z atrc n . In '.his study, v;e used 
an mtra-encu." :iroectiDn of adenc: v:. r<il \M-:Ctoi:s cc^n t ain -..ng a sicfmEndo 
-ransgene c^: n---.i^ ting ot murine iirmiunoglcihnl.i n kap'pa -c:.ain leader sequence 
,.:rnj"led t.r. .:e..iuenc.e coding for m'..r:...ne pnc;05tatin to m'/es tigate the effect 
...t high :--erum le\.T-i s ot endo.otatin on CK'' in mi.::e. Mice injected with a 
■-:rn.':truct m \;hi<d-. sig-mEndc e-.pression w,;- iri\'en by 'he Rous sarcoma 
-ims orc.'nto*:er h<-.a mcderately jiigh serum Ie-\'els oi end -jis tatin and 
::ianificantl7 smaller ■:NV ie'jion.E at iite. ot l.,.se r-in-luced rupcure of 
?.ruch'3 memi:r.tne than mice injected x/.i th r.ull vector. Mice injected vJith a 
-ci-.ttruct in whi.rd. si.ir-mEndc v;as driven by :.ne .;-iruan .-ryr-cmegal Dvi rus 
V remoter ha.:l similar to iL-f..C'.i nigher end::.rtatin serum levels and had 
i.ea-ly cunroJe*:e i'jev-:ntion c f :MV. There was a .irrcng i.nverfie correlation 
; e-.ueen end *:aM r.. :l ^ r im lev----! ana area < > i; ::nV. This study pjrovicies proof 
. f I rinc...]: le the;", gene tner.ij^y ini^te.i^'e leve.ls ct endi-)statin can 
> (;■ fi.- 'ent:. *.-he de\''t'....c pin-i ri t :) f *'.']''.^^ .'zi'r.ci m.'iy pr'H'cide .;i new treatment 

the l^a':M.rici i-.u:^e ^f sev'-^re Ic^ss of -liiDn .in ratien-:;s v/ith 
age-related macular degeneration. 

Lii /■^:ov;ef. 6 c-j -3 ta^ia'zZ cohymght 200.5 sL,vr:\^iSR .:-c:. B/^ 

20002' "i'rZ: :SMrA.-"E An-04K C'n yt ..c antip3':x:: lat; ic treatment of 
age related macular degeneration 

vnrrioaenes.s _nn.Jit:r. Sc t:;: er i I. .A.; :a..tn.ner r'.II.; Lee:;on ?.A.. L.A. 

e.ia, E r : us .t:::: en se , P . B :.x SIO, Oi^M' Barcelona, Spam. Drugs of the 
future .e. 5..:-7) 200 : . 

r.e t .-■ : 2 0 . 

:0;;i:: j r" 7- : .n;; . cCOiE^M: D?:F;':)-1. F'uI:). Oountry: Sra^n. Lanpiage: English. 
.Aii^u-ia r y Lan :ru .-icre : Knri. isn. 
AP /tandardi ze:; shatO. .cartilage liq.id extract. sompr;.sins the 0-500 xDa 
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2 0 02:-A^4ArO Tne Genu;, ne Arti-le (TO fbimt^er : .''OSXT. OHE phot adynamic therapy 
::>i- chor'-u.dal nee -a;, cu la r L za m ^n - A re^'iew. WoDdk.urn K W; Engelman C J; 
hi. ..menkr,;nz M 0 (Repiint). .D'anfcrd dni"-', Med Ctr, Dept Dphtnalmol, 
bj-.;en A 10.7, Stanford, OA M : 05 USA (Reprint); Stanfoid Univ, Med Ctr, 
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^'ITHEuUo PISEL\rES (AUG 2C02) Vol. 22, No. A, pp. :--9i-405. Publisher: 

Lipr-'i::-::TT williams wilp-^tn.-^. 5:n vjalnnt .:"t, Philadelphia, pa L9106-3 621 

".-A. :3/N: 01 " ■■ - I )4:-: . Put', c.-.mtiy: USA. Li^njuage: English. 
'AE..--T;--A':T is .V A.:.:^i:.^.LE in THL all .-JJD I.ALL F'JPII/vTS* 

:'u:p:.. e: r-:-^i--.f the bi phy^ ■.. :-:al ;'..si: ir.d c'.;rrenT: state of therajjy 

..Ll'^r.c;:ii- c -.l': ,■■ ur e :)f .■ -.lif :''^-?al :aor ... n-:-ova o > ;ula r i z.=.t ion m '.he 

'■ye . 

ne*.;M-'i;: A le^'-.ev; oi tn^- : i 1:e l' t^.ure i: i n ::1 udea, wni ::h enc'=mpasse3 :.he 
-neiiQ : s ^ru -:'.u: ■ b.L C'phy,: i : riJ. in-- .;han , oiii :'f i.c: !': ri, range of a^^;li lahde 
.:i-:ier.t ; , .t.ttu.^ o:' c-:n:-a_ trial.^, cl :.'a i i r.di c.:.t l-m:-; , r-e-u.l.t:: of 
*. : -r .- tii-en" = , c .■■inp^ ■. c^i : i c^n = , a;.:i f .i'./ ire <.ii t"e _-t i :-nj. . 

Re,:u:v^-: PK-.^tu lynoimic rhei:;iy h-s rr^r. -hy^m t-: h offe-ti^.^e m clo:-ing 
;. :'th tV}: •■: f ..me:-i* a : ::h CC' La r.ec v i ; -ula :m. z a : 1 jr. in an..iial mjciels .is well as 

n o-e-;.- -h'j: <-l : L nec.-za;- ^^u 1 ■;..:-i z ^i^ion in hu:ii:.n^ . 'll>- t:ner:.py r-;^ult:; an 
*■ eni^ ■ :-a ■.;l'j:.iL>' oh r n.i do 1 ne\; ''e.^.-.els fji ;:er-od of appi'.: ximat ely 1 



\)'rr tu.:; on or .i epri"'.l..i f 



e ra":.i on 



Loi; t>: treatment " acnieve 



■ : f .-h ■ r : . 'd..-il Vi-rv; '--.■■.■.el:: res „ 1 1 7 m me :\ee 

jn*. inu-^--l ■.;1": ; \'i ,r.:aJ ■ f .iUi .. l.i 2:. * :t. . Ii i r: t e l en'7e:J exii.t i]. the 

.pj5nf.n1 yield, ol^r.i-al e f f i .i <-n -:y, ana liyrh: ar.d .-er.sitizer <.;o.; e 

leri'rnts \"i\.^J•■■^^v^ ditferenr :: 1 .t.i;;: <r.: of -igerit .i . rVrtlier ::J ir.i ::a]. trials 
\;i bl Y'l- re'iuir-d let-.: mi n- tn-- i'orrii :. f Tf.t--rapy, v/ii.n 

-ertei Jirin ■ ^ ^.on l-rn- ■ ) ii ".h-v c^nly '-'-^ l rent. 1 y af .r r \^';:a ajent. i:it;rer agents, 
in-iuoir.r "in - 1- ■ : ■ 1 rr u r i n ■;.rl_ytin) an ;l itic : e xo f i n :Mteti-..ni Optiini, are 
vitiently un^ i-": r :fo _ na phn-- JM, f^n loe 11 t r : a L: , respe ::ti-.'ei y . 

'■^^nol nj .ion.:- : P h .■ •. jayr.ari.i c theiapy i .. a pj-jriirir.o ^.L«.^atment m^Mialit.y 
. : t ,j !:e : "-r ir. ii I'h- t:*'ir. j cl : •••ire an:i thbi.: .Li: ati iti jf visi':>n 
i:a:i^Lei-i \7Lnn la::^:ij:) c:-:\t.r:l. n ■■■'os ^;itri su: : > ■ Vf"? al ::no ro i.'ilal 
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L18 a:^:.:\vE". I'r HiibASR ::'jpvr: :;i:t .a-'1 e-^se'/iep sst. b.^^ 

2002; ^A'T HMb/vSE Pb r --iyr-am^ *:\er:n;y 'j L . t :re - i e 1 a " evl macular 

degeneration: Hi.::r..ry and r.r . r.oip b^'. . ^^ln len b-;r:::. H. ,:len 

berjn, .^ui.-s Ted^a;.: In-o. o! Te ::n::oxl : fy , Fb- bNAC ■ LPAS , Cn-.-O;.:) 
biiu.- ann", .■:w r v ::e r 1 lui 1 . hub^'i *. . ^ ' an i-^'ritie l ■ p.&-^'I i: 1 . ■:n . S^m_nari in 
<;'pKt.r.-iln:dugy 4 . 1 -l'! C 2-.^ ) 1 . 

P.efl: I'-". 

ISSb: 0 : ■■- — -O^a . Vjlibi:: SEOI'b", P lb . l.-int.ry: Ib^ tr.e rl an . Langiicre: 
Ln pi i ;■■ h . S' ;mj:ia r y 2 ^n n^a :re : En :r.l 1 b:i . 
AB i;e "; . f -r 1' 1 V re-n.e\; rhe history a:i.;i pr.i n .'^ple- :: pr.T tcdynami c tnerapy 

,|:iriq^}^ - --p - 0 i.a 1 -ii..- .it i afpliT-d no -rh j r j: ■l-it.l n-;-.: '/as oula tr: z.^tiori (oNV; 
m .■<::-■-- 1 1 r;te 1 macular degeneration (.-JI2). /■d:t..ei 

; r i f: :j-n-:- r a.!, ni.: oi. PbT, v;e ib' t;-.-^ re ^ 3 r .i /'nsh Lp r.et-.je';;n the 

: ny:: i -.rj-rb-Mvi. :ri - .."ruL:^ure ano j..h 1 1 :'r;y:\..TMi fiia./iry f ohe 
.■■ e :r. X' .:-"'r.'^ r.- 1- nr. photosensi tizers , .e ■.'.n a.;- tn^'.-e in jurrent 
.•lini'.ril are. V/e "ben riis:ri5:L 1. n-;- ba.: i r ph:! jprr/si::; ot 
photosensitizer in 'd -■■ 7 ..1 e s , an:i iiv.i -:;ri r ^ th*:' inifiiil chemica.: 
rea.::i:.:i- mdnjed by a--L\rat--;d s-rii.- J. t i r e r = . We :urlir.e a nr^'eb method for 
s-i'-E'nin.: photosensitizers t' Ire M.-t-a m tr-iirir-g \ as v^ebb 
,\~ th'- VMiipl-::-: ra rrii. :r...L.;ir r;.tnv/iy;-. m-.dn] it -^'a >: y I bT-mdu ::ed oxidative 
:-.-:res.-- ;.rj:i t}.- ---..bir et:fe;tr f PId J.ir r.:lia ^ aru: i a . The paper cl'^ses 
\:i':h a 1 i .-ri;:..- :..rn -j^ 'uo'-i rb.i.:- m f : 1 rn..t i ■: n lai gnt le isec. to .i_mprove the 

^ i V ; t ■/ .tn i : t: _ :.ioy ::■ f Ijrri ::.-,lly a ^ ed n 1 photosensi tizers • 

L18 .-:b:;7E.r. : Ob ■) si-:: .:b-;A:-,cH cci ii-ddii'i' 'i')-.: i .n ra puppicArE l 

2001 : . o-: ■-■ r - The ^err.in-- Artirle; d-, ' IP.Jit.e:: T-: xaphyrm,; : a nev; 

..iXorcMrb t( ■ dino i-f - 'el c r^ment . M:..dy T 2 1 R-:-f i i lU. ) ; Sessler J L. Pharrnacycl 

— ' E Ai: pie^ A- , Sunnyvale, '::A bb) I 5 USA Rep.r:..nt); niarmacycb Inc, 
binny--ab-, CA ^40:2 U.;A; 'Sni-- Texa.^ , 2-pt :'hen rdo<.:hem, Austin, TX 78712 
USA. sy.yr.NAL SS-^ P0R:-HVRINS AJJD PH7HAL0r".y/-d^INES Fr.b 2001] \'ol. .5, No. 2, 
pr. . I- 4 -.42. Pahdisber: JOHN WILEY u S(dIS LTL' . r.APFINS LANE CHICHESTER, VJ 
SUSS.E:-: ?(_d2 lUH, EN0LA!-]D. IS^N: 10o8-42-;6. Put . CLuntry: USA. Language: 
Eng^. i .-.-h . 

^ABSTl-ACT IS A-^AILAbLE IN THE ALL AI^JD lALL FOPllAT^* 



AB The te:-:af'hyrins are prot 'jtypical metal-coordinating e:-:}" anded 

porphyrin:-. They repi-e.-enr burjeoninj cl<is.3 Dt pharma - ■ ogical agents 

tha*-: shovj pr:.mise f : i" .:i.n ariiy nedi ral at : d l ca t i on? . d;fren-ly, two 

<:i.i f ::ei en*-, wai" er--s cl .le 1 ant. liar, L.ie ^exaphyr-.s, namely m.^exafin 

.;rad )li n .UM i.-j-Tex, . and in. tex if in ^utet-Lum (Lu-Tex, 

: ] , are .:.:.vc'.l -/ed in i lu.l. ti - oe.: . t e i: -].ini:!.;:l ";::al.5 for v-.riety or: 

i:.d:. -ar- .:r.^, . The f i r :■ t of those iiK-ncs, XCVTraN(R; (m tr-o;t..n gadolinium) 

1 j o i .ir., i.-- teir. J •r^^=i Lua t-:-- : a;: p?tentoal X-ray r aoi ' 'i^n enhancer m a 

ian-l-Miii^'-o; Fn^se III /linL-ctl tti.;L in pit:.r-:.t.^ v;i:ji ^r..:. irieta,: ':a es . The 

,eo-r.a, .n v,-,Liou- f j inula t: ns , i.: relr.j e- - .1 1 iat:e.l a- 

photosensxtizer f : t: i.:e in: 1) tne r h j t .> iy:. .mi = trea^nen^ .-^E 

le ei.t: in^^^r r^n-vi:' (LUTlvINlP.: 1 r. j :'t lor. ; -Aoi} in t'h:.::- lit' i.air:ical 

tr-oJ£); ■ l: ■ f: hot an ;i 1 ' Lc : od\i : i-n <: a the r : .-; - 1 e r " ,l i 1 n\'o L\rLn.:i 

reru>he:-.-d cc't-nn.y art- lies ;j-in'R: :■: d-, :nieotii:'M; n.w .in EM'iase II and 

Vha.^e I h:.ri.i 1 1 i i i , re ; ec : . " ^el / ; rii .1 . ji.t -i . = . e 1 a(;ie-rel.^ted 

macular degeneration ■ t F'TFd X ■ k 1 I ni '-^ - 1 - ii ; jorrently 

^nd-r: ?Ji...:e T: clijd.'il e v ;i 1 .la t : : id , a ..0.- thre i t-.-;xn : di?=ea:;.e of the 

ietin=:. lii -rhi:^ .■ii^i:::e, t he^ e i:le\-ei : i:):'!^]^ ;■ , alon? \7-"h : ■ .iia iiment a i 
.[,^YT:t^. .1 -.ii.-- una. td -.'.i :.c ::n'riniot!y -^r-"- r--- u ---wed . d:>])yrLi:\:. -'i') idJUl dohn 
Wi i-ry V .doi;;- , htd. 

Li 6 ;.:xd:b:r ^ 'a-^ ^l'i t^d-.-dd; :t:d"tdhd{T .dd'^ d-d [R) 

2000 : ■ .'oc 7he :;en-:Liie Atti^le {?.] Xamier: --LH. Pn : t idyn .r:i.i :.her a}«y using 
Lu-Tex ^r.'-iuctr.^. a}. :! t ...-.i :n -dtr:, ar.d it/ etf-.— t i - 

r •■'*-'-:\t 1 .i':':d 1 an : 1 *. a r j :n r^-r .ir.al :.:.}dl 1 iiy ^.irid.o the 1 1 . t.l ceils. Renno 
R [.-dill d.l-i: R A; 3l ^ ^--.d.ii. Z di ..ier ' d R^:pr:.nt). HAR\7\RD 

VMd.d ILdX ■•AC}idX5TT.:- i-Vr: i ^RR IXFLrll, X di IdX.h RRT I XA SEA/, LRSRR X.dB., 243 
RHARXR..; XT, ROXT^'X, :Ld :t: .. Ix; (Fert:n:'; XAR^ X-.R;.) UNTR ILdtXAAR'SETTX EYE & 

RA-- :x-T;d-R x:di hex, retina xer\x ia.:ER ;.r::, e.)5tox, :ia har^^rrd 

VXX.d .■d:RRPEIX-- EVE REX INAiR XCX IIED, bO/TCRR : LA Oi-.-J. : d\^EXT I GATiVE 
I d'HTXAddLhOGV N ^d:tXXX, XOIEN-R (XlX' 'i Xi ■ Vdd . 4., Xj. ...R I'F' • :A6::;-i ;i71 . 
f-.d: 1 i-Jio:- : AX--Xt REXE.RFX'H VIXTCX 0 i HTHAL] !■ '1 X) IIRd .^oXx RLddXdXLE PIKE, 
RETilESRA, MR \ ^ . ^ z- . IXXR: : i 4 X- A; .■ ■■; . X: J ' . C')un*.,iy: 'XA. Langu.v.;fe: 



^nad i£ h 



'Ar.x;ta::t a\ail.xx:-e in the all xiir rrlx fofjlais* 

AB irXRP'jiE. T:' exiiiin--- etfer': '.■W c: mj.> 1 r. 1 ng an :f i -J ta _ n v/i.cn 

pioLa. .loyr imiL'. ".ne: :i}y ■ E :d' ■ .n-d r. j Lutetiiim Texaphyrin 
LuTex; A. cc'i., F t d rth, T/R a.T a 

photosensxtizer i" ri '^driO retii.ai ■L'aiiiilaty -.in iotne _ i 'i^. :-iR,"E; .;.ni 
retir.-l ^igm-rx: ^/ritn-Rial d- FdX reX]:f. .:i:-.t 'o ie^eim.aie ^ne ri.:)de Dt 
FRT- 1 r.du ."/d -ei: h in rn-vse :ej i. l.n-.:.;-. 

dRT]i'jX..d it^l t-..i-:l RFd'.E -iin RPli .rMHl.-. './ere incnbaV'-.l th ;.ngi os* .;A; in 
:^ 1. n..i rd ) : M n-'ur.; ^.r^:: su;:;de.-ted t' Lu Tex/Edi", 

M^rr. r tr^ -itmer-t } ■ a : ani-r:: -1 p r eoi , u.;oi.y .y;:ria.:el 3 rii.r;n^ Lu 
Tex I d r: • m.r..it'.;.E f dl v;- ly lamt'-il iitr;:;: if.ojn a*: -dX nin) . 

delhulai; .^ur"_\'al v;a.: a;: ■;■ .; •■■d :i;!:xer a X -e-'d: ::e_li-.. if p 1 -j Rid'e r:,:; 0 i on . Data 
were an ; . yzed iry: .;Auae:d': t *:e.;t. .d:]:a:e aCr^'^.ty monitored in 

:>::! 1 -I-, at^-or i DT ua 1 no a t , 'o og-^ r.io .iun:ti-a"e, (Asp- ^l.u-RXv.] -Asp) -AFC 
■ V- -imin .- 4 -t • - fl I J :■ Muetl.y: :--ur.^nird [DE'Xi-AFC:, ot o-SToa.-o S. After: PDT, 
e^.p r---:s ;j ii.'n cx Rci- , R::R-X-L, r;^x, and h \-'.-is aXs :■ exariLn^d :.n cel_ 
i\-.i':ve,= R\" VR"-3tern rd "t .iin;;! '.■ = i a . 

r.ESU:/:tA -yn-^ij^/tic cy. o^:xri.: eft:e:x .d mgi : := t- . t :.n .;.n:i Lu 
-Tex EO" ^-'a^- 'h^^r^r-ri^i i:\ bh.Cl. O';:-.!;^ at ,:i . 1 Xl.u-.:noea i,-ei , L'J, 
and 2:1 -X a-n 2:; E' .e-- ~han .r -rjual t) Xd . Tneae rind:ngi applred only 
it -mgi at i v:::3 de : deer ei::: d*;;d : re PDT. :x. -.a :h i ate l a t.: "oe Rilling 
etf-.'^t v;,^; c 1 .; ':-r\^ea in RXE ::^dl.;;. Ca^pi:^e o .-c^d-riR.y -aa.. -.1 e^^ated within 
l; minute: ct RDT .n RRi::E and R[-E cell,; -..r-.d \/a.- ;:l-.:en =e d-per.dent. 
Di f re rent., a] modal iti'in c-f 2. 1-2 family m-rrr^er^ ua.;;- Doser^ed after PDT in 
BRCE and '-.PR .■el.R5. 

'XXdCLXO IC'IX:: . 'Vh-.- C'-irnl:daia t: _ 'jn f cing i ' at in and Lu - 
Tex PDT p' jten ti a*.e^ tne cytc'oxi:: effe::t :'f Lu- 
Tex, PDT on bR:E Rut n^'t on PTE cells. Thi may proo'iiie .i str;..tegy 
to increase the ^electi\'ity uf PDT m damaging capillary endothelial cells 



ulth le-s danaqe to RPE cells. Lu-Tex/ PPT induces 

rapid c-.t^ ar,'-'-:{'-p--ind^nt apof;tosi= m h7J'K and RP2 cells. Furthermore, 
Lu-Tex ' n.'*:' i :-da ::e.^ aj optC'oi '.hr^ ugli s*.:ecti*/e 

i-ijculati CI. ct ri-E-mj.er.^ C'f th': Bel- 2 tam:.ly an^i -.differs t etv/een BRCL and RPE 
ce] Is . 

Lit ;o:^-UE?. -F ■■ ;Fc:.;:;2.vRCH c^-pyrI';ht 2(:'-. ir^i {■<) 

2000 : 5 7 ':he Ger.u.ne Art_] ci-:- R) Nuril^ei : 2!-:5''Z. Texapliy r ins - New drugs 

with i-j-.\'eL£'E -..ini::al a.;)f vli :-a-: .. c -.r. i , id iat i and p^h; tc<lyriami c t..nerapy. 
;-^;-si-:-r T L ?y'i:r.-nt ; :i.]il-:r A. UKT ' T2>:A.:-, PEPT CH."M -u Bro:i:EH, 
A-;.:-':iK, TX 7.a;..,: Re|rinr.i; F;1AFJ LA:YC:L INC, rv-irr'AL^r CA K V •: . 
RTOCHEltTCAL i'HAFJ-LA^OI.OT; (I API-. .MDO) ^ Ad , 5-, N< . 7, rp. 72:.-/::-. 
r-.h li.E:>EM : 2i-:A:;AJlM;: ->:L2i;:-2IEF, :;':l^:iCE L72. THE bOl ^2E^7^R2 , : Ar:':;E'jRl.' LANS, 
}■ ■ PLIK ITL'ri, 'X-:F-jh.V C'A5 _G3, EIIi..I22I2. I2:-M: C) ■•.-^-5/. A..!, cj.nt.ry: USA. 
l, :jr.':fui; r-E- : Er. ri ;. £l. . 

A\r.;';TAA:A 12 AA^T:,A2^E lU THE ALL /JID JALL F2yJL^T/* 
hh. Th'^- t^vap hyi ir..- a.i e r.iin': e ,;.-enM al inr t :i: - n i i n,;A: i nq .;;xp'.nr.ae-(l 

1 : t { ihyri ri:c . 'Aioy t i tute :i-erit.^- tl.--ti ::: icipnyrin . dialogues 
i-;-,.Ef". £i.:v.' fAt .'iu_.E o a i drua;? t ■: t: ^-^-^ ir. ranq-r jt laecii c- :i .1 :.ht: r t:}: a :e . 

C t r-en*. r,', t\/:. a: r f -ri en*: v;a t ^ r- s -ulu J e.;i 1 f:,-..:L.-::,ide ill: tex^fnyrin 
:mpl':::-;eu- , r. -duely tne ? icc-l i n ..^ ..m .^^d 2 uf -viun : T I 1 ) cie r.: ■/ ^ : ] v'e s L. and 

2 :i;d-7'-;-: arj-J Lu-Tex, r -.m: e : t . -e; . y ' - • ' J-'^inq t^r.;t-;-.:i 

clii.i 1 A/, "ne tirr^ j t *2ie::e, :a:VTK1I: TM , .i n e i ta.: 22a. -e ILL 

clii.i:;;! 'li ^.^ a.- .i^ } ■ :i:.'.;rit i ;i 1 -.TL-i-ir-cei i ra 1: vt .i I'n rhviapy t;::^J: ]iatient:s 
v/itl. n;--' t t a *■ i ^ :n -:f; r ^ t !:■ :.r.e l:q- i i n ei-i:.'! ^/h.jl'.- I t ,;:in riiiiaMon 
l:ie:a;^y. The se:;i:.i:i, :n -'.-.riiu.: r -q mul . : * i. j] .s , J .f I'eiT.cj re.;-te,:i at a 
photosensitizer A-i un--r m: >. Ah-:- ph<.A o^dynani tr^atnenv 
re::.ni:r t k.i - -.t jar.r.er TUT ? J: A '2: 1 1 ; P:i..ice I : jlmL-al r ri.alc. r.ciiipl ere ) , 
:ii V h:A : ar, -r : :)r l.-:S A. c rei:;u-:A .^n :A' a t:v- 1 jl c"- t'l - s iri\'L--un^ ■ r^heral 
c.tt-ri--'.f /J1T2T:\ ■ 'l'I2; ; nj\; in ;2.a;-' 21 r:- 3 t.i nq , ."ind :iii: 12 Tnl - l.>ci^ e<:i 
tre .t:L'.:nr cA ^-z-- : r: at---d macular degeneration 

AA TRTAi 2T:) ; -lvm r • •"■n :A y in Ph-o-: : -^in:.-al tL.:-i],-.- , a i _on - tni -a - ening 
c;is.--a.5- :. : th- rt-r^na. T."K:en rn ■; "ir.ijer *: , the,-'- tv/j iu-eA 1 jt-:-: at:lA'i' i ri 
I f-.'i'::.e ficvz-ifu: nev7 ;.]..;:is.: j: ----per ii-vn t al v-.c ■ e i^. ^-f^ r s e p:.rential 

ut i llA/ I.-- a;i--t:^:i-; iy a r^Mruj i :i. . r q "iri of v;e : 2- M ru z-- :1 pay,: i 1. l-arutres, 
A:.\'.:ra;.>l-: t i ^ le ; q : o c .2 : z ;i t _ ^n -;nara :r r:: s M ■ - , an::l nov-1 me zh.m i sms of 
a ::t..i on; Ante: e.- .:n :a y , these :tv ^ch-.n^-ru-; nay -i.i t^.-r c : ■n\"'r-nt_ ^n ;i L i.-;;.:lon 
iea.acdL.'i:: rsie .:L-in;. .•ni^- of radiat Ar^n tlier.-i} y an; fne pi.t.h r.physj.o L ncry :>f 
ather : / :n •-•rq.--.i ■■■ . nlOCHEM rHAr:L\C'-T, 5 2 ; : ' A:, - - ■ ^ , _ 0 Aa CA .AiOO H". Eevier 
;A■ien:■^: Inc. 



-: duj t '.-m : ^ ^e 1 1 4 

ptA'CE;AAi::i5 ;;2'i2;' le':'e:) fl'R lia 

L19 A- 12^2 F.KHlT'E L 1.4 (21 L'U Ta A C/vTET RE^A^T:^ 

= ; d ] 1 :■ i - . - L^bih rz',. 

L.9 ;2a:-v;er i mf a- .t :i ■•E.^vFTTi oor'-ZR: .;ht 2) i. :iST .r. 

2(-02A:24:L- The Genu-n-r- Ar t. ^le ;R) liqi-iiier : A- 3:-22 . CHE il. A ^ n-ly:. :,mi. f. therapy 
1 :r i-n L : da 1 nei >■ -a : cu 1 -u i 7at ■. n - A re'viev;. v;o<;Mqh:) q rr> V l/; En^elmsn C 2; 
LlunentL.q-.z H Rernin-:;. St-mt Un-", Me.; ^tr, 2ef - Aphtha 1 , 
I:j.= i;eh: I'z K 3t..nrc'rd, CA AAA. I'liA iReprint ; .A:ant:)iq Uniq/, Me:; '::tr, 
Liefi- L'pnthalncT., .;tanf:i:a, CA ■-4; USA. RETTUA-T^IE 2C'U222A2 OF RETINAL 7^ND 
vrrRE'Ati' RITE/v.^E;-: (.RUG C(02) t2, Uu . , n ' • :2AA05. Pub L L-ne tq 

hlRHN'A. TT WILl^AULS u V;iLKIN2. 2- WALJJUT T-T, PHI LATSh ?H AR, PA 1.2, : 6-3621 
U2A. I .Af *A 22''t-0 4>:. Put_' . ci untiy: USA. Lanyi'ige: EnaLiiii. 
*AE,2rF2A:T IS 72 /A2hALTE IN THE 7222 .RND lALL F-_TG-1RT..:; * 

Ah j'iir]'C.^e: To re'A'-vj the bicpny,: .ncal ba.: i- and carren:: ; ra^.e ol tnerapy 

f':'r ph'.T oc;vnamr : cl'E'Uure ot s jIj f -eal cn'i'roiiaL neovEis zu ^.ar.: zat: ' m in the 



Metlicdi- : A .^e''iev; of the literature is _n::.Lided, -whica er.compaL^es the 
chemical i^tructure, biophysical mechanism uf action, range of available 



-igent.^, .status of -liriical trials, clinical indication.?, results of 
treatments, DmC'lica tions , and future directicns. 

Re,:, ults : PnoT.od'/nariic therapy has i een sh:5v/n to b--. effecti\'e in closing 
;)orh exper ir:ient..i L ■.:h-2 0Ldal ne r^va .? cula r i zati : n in anin;;l models as well as 
su;. tt'-eal rh?rc'idi:. ne^o-.^as cula r i z-.ti or. in hun-kms . Th- *;lierapy re.~ults in 
i:e:iii irar-/ "'Sure E ch^ccidal neM ve:.sels f:r a perio^.i of apf roximately 1 
*:c 4 v/ee!:s . ::.y [2 ■..re--4:s, most pat;i.er.t/ have jeporfusiOM r ref re. .1. Lfe ration 

cr.c ro-..dal nev; V'-siel.^ t t.;-ul t iii' ; in the need for r-rt te-": tm^trit t :• a -hi eve 
■.•c :-it iiiue'.i ::l.'.;-ure inM ^^isual s : ah i 11 z;. t i on . [ji f i rren vo- -xi . t in the 
:u--intMri yieh:;, ::l.:ni.:a: etti-ienry, a:.c. li :;hr and .^ensi^ izer c;.:>se 
iV -iij i leiaents het.v;----: i:l:tfei^-nt ch.s.ies of ^--nts . r'urM.e: ciiijiciiL trials 
v;ill te requited tj .i-'ternar.e t:i-:- :ptiiiial L.'tri :d th'-:r;ipy, v/ith 
"e; t ef ' )r 1: i n './i i .1 1' 'r.- ! :i3 th.e ^nly ouiienoly crpprc^'/e'l ^ic-rnr . i:'th-:;:r agents, 
itl:-: .(U-ivf tin et )pu: puL ir, 'PuriytirJ .ind jiv-^t ex :i t i r. iu"r'tii.j,i (:p:^rin}, are 
■/u :■] en' ly un^ ;'^:i-g :> -x:; phrts-r ILl, icvi p;,.:ise _1 :ri.:l.^, i es peco i J y . 

r;::, .:Lusion.;- : Pn r : ayn am: :■ tner-.ay : ,: a p : -rru s in;r '.r-a^next iiic:lality 
sn-v;r. t re ■.■ t i e ;;t _ :n a r:hie-.'i n -j 'iil : ..re -ir-d st ahi . zar iox <: t -/Lsion 

; ^'/itx :i 1 .:;("■•■ •!:)■: :'ont .t: :.' .L .:.n eye- \;it.h .'"Lijf i"'-:.-.!.! t i :i a 1 
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L19 ;-i:--v;^.r. : F^r-ib/v.-E :i:'-'VRi-2>i:' jo^ E:L.?o^d:::R /ci . 

^0012,, — ■ : r;:ir.Ar.r; x --x r .;d e : Ph -.odyx^ni - *xer..py tx :i * he alimentary 

V... e-.a r :.K.; Hirreck r; . ; M-Mill-iX . ; Kai]x;ri:ht M. ; ^Calker 
. /:.J. V/il-.er, ri-'F'A r ylae Co it.-l Hxiprtil, 3t W.ull .x id •= s Hi^aa, 
1 ^-.Aj- o " 1 , L ix -asx: T'--, x3P, i.'nit.e:i Kixj.hia. 

iriLaxA 1 ibc -.'li-^i: t .nr.-"- rner. . c mti. Al i.merr. ary Fxh nnEi.-:o.l ry and ':'xe t apeut Ics 



;-.e !A : .A ■ . 



:.-.?} J: .1. .'A -2 ••• - : . •;/:iI)FA' : AE7r-:5K. l-'at. ::o-.,nt.ry: Ur.itea ::doiii. :,axjuage: 

Ex-i-isii. c.ini-niLj' Ij :^ n- r.ia :je : BngL:.ix. 
AB r X'\ : d- 'x^ni^o vr.-Er-ipy lAter: the p :>.■ sit i ] r t y :> : reL;;ti"e.;y .^elei'tive tumour 
ne .x : s: :.. and rj: tnr^l tiss.i-: xealir;?. Z \. xa.E :iaxy pc'texria. a} it J i ca ti dxs but 
.-i: \-et XT' cl-'-:.t r:)U:. Arti'-les, ei.ii to r .i a.l s vrid cas-f' :-e|n.)rts r u;:d i shed 
jxt.maLily :.x Iir.gx. .^h and lis^ej in Me;; :1 line I -tl uf.. r Aj.)!:.! .xC: :.r 
x:;en':_-^:i }iy a 'rvixual .:-ea r-n nax- be- n re^xe^7e■:i ix ix a\ tenrt. t p.rDvide 

--xni]:. r- xexs x./'; :)-^er-xx^j :: txe a.^-r o t ph :> t .xlynanii ■:; therapy in txe 
vl:rLex-::-y t.:LX.:t:. Tt is :; : r. :A le :1 ^xa: r^h j t .> :iynami ^.xer^py ::an oe an 
otlerti^'-: tr-T- iitmen-. lot .hm} ^e r f i ci A ^- -ma 1 . :fx.- at ma .-rA l^xA jns and 
eat A/ xx:-. -er,:- , -i sp-/ :.: r a.: : y m illflx.-e i.i^eas-. Su.. t-rx.-- pAi^ixti include 
•x. .se \7w x.xr r: r'oid /utaery, h :ui r ii k s'.oje-ts or 'di^se :n v/nom Dther 
rram.: or' :..re itrue.it h.tvx t:a.ile:l. fuper i-rr t y o'^er otr.-x- n-tn^xs of ablation 
xas .-.c t •■■ 1 .n r r e-^x iernjus t. ra teci . ■::heap-f'r .i.x:i mnxe e 1 r i'>^e 
photosensitizers ind iripr:-'e.i tecxn : q j^;-.r !: light deliv^cx-y .^re 
likely *. . ir. -xeas-.: 'he ^pfij:ati:ii of pxo t--xlyna:iii c tx^raiy. 

L19 ;A;.A';Er. : OF F:m;A..:E CCxYRASH? .Ai02 RL.5:i-/lt;R -VCA 

20012 .A':4 xArA^tiL rXi :x.o ly:..;imi l- txer.^jyjy rn "he ■.v^rLine ptL-ta-e Xiixg mC'texafi.n 
A.A-^-t.x.irix Hsi ?.A.; Ka} .\zkir. A.; .Arancxerf 2h.i '\' . ; ^'ui'-:an T.; 

JclExen-.. H. ; Ro:li _':fuer C; Ctarx: :a ; .:X.in i-"- r.r M. ; M"..-. ^A ; Hahn £.. R.A. 
iisL, Lie}. 1 rtmext di :-Xid.x;iti<: x jxc :d -gy , \'irfir\.ia IlasiiX Me'.lix.A Center, 
Or;-A.L, . A'-;) lAn-^h A^'en\.-, i-'eattie, V;A --_01., United .:A.at"S. 
iijXLahg-T.ans . '.x x . ! l.i.airaL txincer Reseai::h ~ > '': < •'•SI - »..'•-•;) 2 • ' 0 1 . 
r.efs: 2.. 

: s 3V. : i ' • -c . .:CD2H: CC:-AF4 . Pub. :ix.;ntry: Un. tea ;C:a*..es. Language : 

2n5li:;-h. .i'ur-U'i ;i j y ;,.;n :uL-ii:re : xn:Tli.:}i. 
AB Lxit: p'Urp' i.e t d-teLinixe t.he f ^;.-as ih i li t y O'f iTonipx* 'hei .s i-e r.reatment of 

'he c<:ui.-iie : t.:A -xitxa ph^: t :Ay.xamic txer'q-y (PT.'T) xsin^r mocexafin 
.ut-;-t.:un i Lu- Tex) 'in'i to erxiliatx the: t'Oxi xA;y and 

'.is.iue effecA:- a.i; . l-c i.,.at ':'d vjiAn t-x;.-:; tre.ntm-'Xt. Tx'erAy-A:i- 'e adult male 
l;e:agles '.A.tA xorm.i.l prc^rate ^la;xi,. wer-i- g.-..-^en an i . \x ir.jeccir.n of the 
^e conx-aener.i *xi on photosensi tizer Lu- Tex 

(2-6 mg, <g). Ari axdivicnal t:w:' dogs were u. as con*..r:;l„ and cA i not 
receive any j hoto.^ en^i ti zmg drug. All 27 d-. -.js under'.;ent lap ar^iAomy to 



exfor-e the pro.jtate. Three h:'Urs p i^r. tin j ecti -;n, a total dcse of 75-150 
J ' ::\ of ^'32" nni liT-er light deJi-ered mt-r ? t i ti al Ly and'or 

t :■ uret;hr-vl.].-/ t) the :jr->.^t;.te ' a cylindri :aJ diffusing fibers. Dogs 
wi'e euthanize i netueen _ lays bj-.:: .-s months ift.er PDT. All -.ubi-;-ct^ v;ere 
ri m - ^red fji :li.ni(.:al e-'. ::er.:e 'if toxi":ity. Sp.?rimen.:; vjere exaniin-d 
ri^-r -'SCDvicai-/ -ind :ni c j : c 1 y t^ -zha r a .:te r L ze tne tis.z-ue :ea :tion 

an 1 -u^sei- .--xt^ent Df ti.:-..n'r etfe:::: a result £ treatment. Inr er .■■ t itial 
ii.n.i'jr tran^uretn: 3I PDT j re.-. £ tu 1 1 y delj'^ere'l i.n all dDj.i- V7:th n'^ 

o-.'M -'i e r hti^-e .:m di cat i jn.: . M :> ..diiii-al evL..ler. -e :f hcrite jrln-i.ry 
"r-r-:- true- Ion ;)r :eotal bl-."-a;n:f :/a.r notel. At a] 1 d.:se le-eU, m-r; cr -..s copdc 
an.l ri:cr:.£Cjid : e-'a^jati:'n r-f-'.^eiled a f>r-istatlc- ti.:sue a - t.i 
cnir-icteri z-d m 1 f. l.; 1 ly v;i"n:n -i h) k.y m E ^ anjvat i Dn an^.t necrD-Ls 
r :d :. jv;ed bv t i L ;■• ania .r 1 r. 1 . .7 l ' ;p r tli- :1 1 a 1 arrorny. : -):ti: > rehen:5 1 ■ 'e 

ta---'iMient ol tj.-r •■■nt.;lre ( ■ t ■: .; : a ve :.-jMld r.e ^i^hLev'ed i^; i.n-.} : ne inr er . tit.: al 
;t.--ine appio-i:-h ■. r corn;? in--:i ^ l ;in -in re th ra : and Lr.\.er.F ri. td. . ir-p i: . The: 

t r-in.Mretd.r d .il^ne apor-'^d. i r.jt re.-, ilt m :':>nu:lete ^z■^■l■^d^^ or t:he 
i,y . D-i-i£ re re;. V- ri :i t: ;n:: iK'-t nral r r jDMbined int;e r n. 1 1 1 1 L anl 
t r :in:- '.rrethr- 1 t : e-iriient. l----/- 1 jped erytn^■:lla aii'ii nretnr^il epirnelial 
■a: i-r .,r jn 'd 1 dos--- 1 j - . yj-se re.-nvin^ -jnT;:Lned * r-atment .t t.he 

hi-Tn'r':t los" l-.-'el L rT-rx m:: " -:n ^ich:} de\^eljpec ur-tnr-al 

l:^^t■Aae an' 1 p-r r 1 r rr. ::. M ; . [Txr.: tr-:a;:e..; ^.'itn tne 1 nt e r .rd: t 1 ^tlrrie 

Til .vicn v;e l -r t ; n.d t n ".n-"- ' -i i d. v.mt jf i-.. r-r th i:a 1 d-iina:fe. 
d'-ran: -her..^ i-'-r -re.rtiient 'd.^: ■-;,;rdiie r>r-->ota-e \-d tn h^Tex :diT r.- f-asik^le 
an i n*. -.r .■ t i ' d a 1 al-'Xe •-.■i ;'-inLr' l.n^: 1 :.nte r- t 1 rd.a 1 :in i t ra.nsu : ethral 

.rn: cn . Tn- i n t-': r^ t . t, i ; . vli^n-; t.ed/tilMe re^nUf in tne :--a5r arijunt of 
r"-iXLJ^f/. Tn-r pr j.-^ t ^d:- "x ^ ..^ r tr-=:a"ment is rn 1 ra ri ..eel by 

] n: t ;..h1 i.nf 1 :inu;nt 1 Dn arid r.-r.- .:i :>.; 1 - fdid 1 :d ny i lZ'TZsL e; ind glEin::al;r 

L19 Ad.d7KK ■; jf 1 'r e: tBA:d-; ^ ' T.'Fd ddd l::..;;^.': sct. b/v. 

20010:.__-3M llMbA.'r; r'h . t :-xin ^.i ..r 1 ; .e t y \n:.n I nD te:-: - f i n Lutetmm d^li'-ery 

L-'.la:-s macr ; 1 ^-s in .v ::>id:i* } : .= t - 1, a 1 !x.X)n Inr^ry nrded. Haya-e M. ; 
v;:xM.il.nm K.VJ.; I'er^ritn J.; Mill-ir x.A.; Baxm7aidner VJ . ; !':.■:< ?.d.; Yeung 
A.. A. d-E-nn^ir, divjsiijn : r di ' ei3 ru 1 i 1 M-r d i.ci ne, .3t:anfjrd Unrv. .'chool 

r-leai.:ine, r-O :a:^t---..r Ini"/--, .^lanf'ra, CA :<4xj^'. Unite. d .ftEite^. 
:= . -vn yeunE:@ -rnn^d. t.-inrdird. -du. ;:a i d-c.-'i.-' rula r P.-vseircn 4 9 ^ i44;i--;55)} 1 
Feb "'d}.. 

:-.--:t3: 2'-). 

:;XVM: O'dd : 6 : . ;ObF::: Jt^r.ii^v'.d 

r d'l-.dier I-u-rn"..: 3 d j i. - 3 ■ ' .1 ■ ! D 7 ~ . F'.d). :ur-.t.ry: de \.ne r: L inid.. . 
hanja-g'':: En;:li.h. .di:iaaary Iianxa.:i :ie : Fn:[dL:h. 
AB ij; ■ 'e i-^e : 11 :-t.' :X a 1 in 1 ..t^^'■ i am -Lu-Tex, Antrin.FdH. 

:ne-.:tion; : ::- a pho tosensi ti zer ^na^. ;:e Jt I'^e] y a ;x:umu La t- j in 
.;it-ner.jma: E'U^ pl.-^^ae v7here if r.in ;:.e a xx ".^teLi ty fdr- red L.^jht. The 
1 .x:.al.:z.itioi; and relenti'in : f ra a j t-;: ria I by ^.dnu ni. s te rex Lu - 

Tex .-xid its -f:.r:.-iry i n\i ^..^t l" ra* i :>n ly en.d: V:i .3 cul 1 r I x 

<ae : i --er^-a 1 ; Jih* { r^n " tx an u la ■ t y ) v;a.\ '.n J u-a e-id . Methodx: Biba-.eral iliac 
.E:rtery le^icns w.-re in.:rj.>:d in :~ rakr it: by l:xE»Mi:xn denu:d iti'im, 1: llowed 
ty a high cn-: 1- -.- r e r :) 1 ■:;i-:^. Lu Tex di -t r ^ba t ■...-.> n wi*dnin 

tn-- .-.rherimu v;.-=.-.- exarune i n^": ■ rDLLovun.: iD-rr^] i n j e c;t i .rn . Fluorescence 
.Lj. -ctral im.v:3.i r.'.T ..in.d benv. 1 :Xi" ra rti j n " chni ..^UfE-.-: v;ere n.ed Z:. meas.ure 
Lu-Tex I'E-'/e.! x'^tliin L*i .t*. ne: tr.raa and .i'di .;i-::ent ncti^.al 
•.i-'S'-.e. r'bo* i.- axxd va t r, 'Xa.- fi-f-r ::o rmed lurn f C'.. Ic-'xiri'^ Lu- 
Tex ..idm.-.xd s- t ai : '::)n (I:' 7 xi t:.ber at 2-- ■ mW. ■::m fixer). 7\'J'.i wee<,;- 
p. ,■ t phi it ranai L plaxxy, .x'd. i were h. ir ■ --^.r *.ed and hematEJxylm an^i eosin 

(h:'.E and Rr'-J-U .. imac rirr h.n.fe.: ) ^naming xr.a.-E- pMricrnied. PM^alts : Ixical 
d'.'l i'/er'.' .if Lu-Tex aanie'ed irraaedr .ite h x di 

CijnGent.ra ti;.x-i£ \7ithir. rlaiiae (ii>--an lOx r^ntri.il .vliac a tneXi-.-ma ) . Ilean 
pej.cent pLayae ,irea .in tne xieated sexm-'-nts uaE si '.jni f i can-.ly IC'-.'/er t.han 
in the r^jn-t- 1 e<t' ed cC'Xtra.'.axera.i le.sion-^ i73 vs. £2-, ?;0. Jl; . medial 
damage wa:;. oksi-r-zed. (jaann i ta t i\'e analy. x.'E ing FAI'II 1 po.sixive cell^ 
•t;,;-^ealed signilicant redu(.'.tion of macr oijn.age:. iii treated :Lesic'ns in both 
tiie intima (5 --a. 22-, Pxu.Ul) and in media (8 --'s. 23-, PxO.Ol) compared 



tc untreated contralateral seaments . Ccnclu . ions : Local deli\^ery prcvides 
high le^'elo of Lu-Tex sele-ti'/ely witnin a-^.'.eroma. 

Ph.:.toa -i:iv-;itiori rerult^ in a ,^ i gni ti cant decrease in iiia(. roph.-ige and a. 
?n..r.ll d-e-:-ea.:e m .■■.theroma burden vjitn'^ut damage to t]\e noim.il vesse-... 
■./all. ':'pjivr . 2^ l EL3e\^Ler Scier.ce b.V. 

L19 ;OJ.;'WEF. ''.T I:) B.llfr'ASE Cm? y F.i i^.-iJ' ^>'u2 r...j.-i:. ir_.r, o-^J . 

20010-':193 z::^^^?. Pi--- Tlinical lua t:. C'n f no'.exafin lu^ eM\-ni-r ledi a t e^d 

.nt rar e:.i ^ij:i-:-a.". f n^ t jdynainL :: rherai'V ..n a :: mir.e node... Grifiin 5.M.; Zhu 
T.; si: 1 ^n-i-n-iL. 11.; L'o L PI-jl? I-'. ; P:a}'ak._n A.; Eu.-. ::n T.M.; dh A.; Pol^n G 
raner T.; r^rak-r Hihn z .K. . ^AM. H.;ihn, I.^epa r tnent o: Aadiatr^n 

iTi ::olcg-;, iA.i-/'-rs it y t P-r-nn;^- yl van::..^ , -4.iC .-pr-j-e ^tr-'el, E'n.i l/idelpr.i.a , PA 
A- 104- 4 'a A '/nite'l .AMte.:^. n<-tnn:?x r". . uv'-nn . e ;u . LAini.c-:! Canc-r Research 

.■ .; ( : 7 4 A 2 C i . 

Fe f s : 2 

l.M'N: ^ I '4 :. . OSl.A P.2F4 . Pub. 'A'Unt fv: i.'nir.eil ./tat-,:. Language: 
L:v:;li.: li . -rn:-mr);y iMnj.ig---: Er,'::li£h. 
AB in'rrar .-M-- Ajne ;,1 pv: t jayn- .rii c rneray-y AP lAA -3 -^^n e:-:por.: mental can.::er 
r. i.;-atnLOii*. in "l.n^-aL de"el:}nent r: r tae treaMnent c: } e t 1 1. n-^.a 1. 

rein o:v..t aiv i - i r :orrr: : : .A 3 . A r.anme vudy of rue t exa i in Intetiun ( 

Lu -Tex ■ -raedrat- --'d A Pl.'T }. r f:o ritw d lo e\'A\.ate normal 

t-i-:c;u-- * i t : es- -r "n.i:- t rt^.^^tnie-nt in tne pr'-,:er..ce and a;-=.enc^ :^ f a towel 

i-:-^ ec: 1 -ir. .;r.i:i to ..■.■e.:.^ * he t ea i i t i '..y oi :ae.:; ■ a r in :r Lu- 

Tex flu ..r-:;.^ .:-r;-:e .n anicirun-l tis.5u-3. Thirteen oj- \:e.:e t.r"a"e:i 

\;ith Lu Tex >.2-. A:a i.". ; n letjfe 1 :;p.;. : :)t ^my 

-■■na 7?) n:ii 1 i^nr -l--li"etv i Al .ence,^. , :■.:■-:;.■> ^ cm A ) ; a^eragr :"L^en:::e rate 
AO TiilJ A:ii : .A I . L.g-ar-...5C-.py i -a s pertDrrr-d 7 Ij day.: alter t.n^ procedure to 
.c -es= L ' 'ixi ■I'A-a. 7 r. .■ i tu f _ u j r'e : ::en :e .: pe::*ra wer-;: o;t-iined ti orn. 

•-ariou- aAiiniTial r = .le.-' :!;et:re anu atlter l.i^nt :leli"ery usmf a fiije^r 
■.rray |:)rji;e vj:th r i ne'.; - ■ a t. ■:> dete : r" ^l^.;- t-inc-a . Lu^Tex 
-:uedi E: :l A' A.)T '.r-i..-. \/el 1 t. :l-:rited a*, tn^i: loi-s jf iliug and l..ght: 
:--udi':':i. by.i--''. tc;-:i:AAy ^^a£ n:-^ ob:::T f '-^id in an_m5l.r treatel v;i-;n a hjvje^ 
r-e^.ecr^-)n b'.:t:-M:e PhT. Mild t r^n^ i*ril l:-/ei lun-tijn t-rs*. a^>n . rria 1 1 1 i 
wi "hou- .■..i.:^ .>:A ate.l -l.^ni.^al -e^.ieAae v/ere s e rve ;i . y. :.■ gr:';.s PDT -re l.-.t.e.:i 
-;.i:-nornL.nl 1 1 re- -./ei - jo:- e r- 'e d at 1 ajja f : j jpy jr rierrr^psy; hjwe-.'er, 

nick--r.rii:: \r. rhe ;:1 zmie r' A a r ::apil-;. ry v;,-ll arj.; the ni-s.^n ^iur-i \7ere r.'jte'd 
ni ::rof c Di.Aca 1. A/ i :\ tn^ k:.-:n.ey.: :d: ov\--;n ao . :Jd renal turLition 
^hnor^iallr ie.f ^;el- :::...nd. An,., lyad..; :f -ne f lu j re ->;-n :-p.-::tta fron 
. nr ra- a;.c.i:m: n-;: 1 ti-^a-s .-.nig^-iti; tn-t :;vrr:i^ rervjn: : jf Lu- 
Tex i^". .-.-'"■.1 ai'e t •"*■". J. Al.' 1^- an:;: may rrr^'iie a ^;ay dE a; r ';.3:;in :f 
photosensitizer :• "'recent r A i : n In vr"': wi.tn: it the neC'-i L <: r a 



1 -.'ps-^ 



ch£j jrnnrn'.e de^ei : ^:'ine]A or Lu 



Tex a.5 :■ an'il-dat. e photosensitizer A: r IT' E ')T 



L19 ,^A:-WEP. o jF LlIrA.?E :-JPV>,: SHT .h:A^ R:.--:::7^IER SCl . hA\ 

20023':.; '/S:' EMzA.-jE :^hjt.-. lynam:- tnerary ■:: i u :re ■ le^a te-:i iua::u..ar do gene ra t ic^n : 
hirtof.' ami p r : ai :■ i ple.^ . VAr. rien Bery:n H.. H. \^an 'aer. beroh, .Ajl-s,: Federal 
:n^t. or Te jnn-.lo.:y, E? F:, ■ A:NA7 - LPAS, ::H--0A. Lausanr.e, ;A-; : tze r ..and . 
hul'er: . -Mnder.;. -ir'jpi .-'^prA . ::n. /-f-mLri a r ^ i.n <jpn "".h aim : hr^ ;ry . >:■ ■ 4 l-A-20iJ; 

I ■ 

. . . • 

r.ets: . 

AA""N: :JJ-.:. -A;Aa ^^-t^::!: .-EoPnA Pnh. .A)nntLy: Net he r\I - nd;: . L;.n(ua<:je: 
En:ili,;-n. ou:n:-i ;:r'y i.-n.Tiag-: jln. :Aish. 
AB W- brie£:y re'.n.ev/ --.e hi.A.:ry and principle; :)f p n.:.t.onynami. o tnerapy 

(pyT), e.rDeA-;AAy it ■. ■ aj r 1 Le':; o ::h'L'r:^dal n-r'^'/a.. :i..l a r 1 rar.: ion ■■7KV; 
in age -r-.-ia*:ed namhar d- ■ :Te n^r ra oi r^n {.Al[):. ."Vfoer . hrie:' gener-A history 
Di PDT, \;e di:..ri,3^ ^h^■ r-A.a ti n.sh ip be:.v7-en tne r hy.^.r :o<.'henii ca _ structure 
an::; pn^ j t .■dynami c a -;'.A -.'it.y : t the :.e = Dnd-^:ener.;A ir n 

photosensitizers, ■■<:'h a.' tn<. se in ourrerA Ainira]. use. VJe then 
id.i:cu.^5 the l'a.:.ic pnotop^ny^ u.s of photosensitizer m:;lecule.^, and 
iie.^crik.e the in.i.o.ia . chemical reaioiont iniiced by activated s -:ns i ti zer s . 
V;e outline a no-..^el methc d f ir .3 cr ecmincr photosensi tizers ti b^e 

uoed in treating CW/, as v;ell as the compAex biomilecular path\;ays 



modulated b\' PDT-mduced oxidative stres? and the varcular effects of PDT 
in ?':did t^jriDrs. The parcel cLose.H with a di.-cussK^n ot ho\-j all thi-: 
infMfMatio:. might be us-;:d Kr, impir^-e the sejecti-ity and r-ffica-y -'i 
cLLi.i-^Lly 'iseiuL photosensi tizers • 

L19 A:^oi;r:r. 7 Oh U .:=ri3EAF.::H l:':?VRI-^::T ;-0'j;. r.:T (R T'TPLICATE 1 
2001 T;-.e Sena.ine Artic^- (K) N^ml'^r: 4:-:-2i^. 7ex.:} >hyrin3 : a ne\; 

,,vi:.r;. .cn " r, dr:u? < le-elc -.rnvn" . K:: ^y T D P.fr r-rit ; .-.'Psler J L. Pii ii macycl 
:'y,::^ ^95 Ac jue.- A^e , >ur .ny 'a.: e , .;:a^'4-S-:^ '."SA (Repiir^t:}; Pharmacy::} Inc, 

^u^iv'ii'^, vA 94:-' USJj \'ni" Te>:-w^ , I^l t '.'i-.en & B.l.l ..:hont, Austin, TX 7 8712 
i-.i'a/ .^OUPNAL Or E'C'P.PHYI-. 1 N::' .\;;D E Hlli/a^OC v;J\ : N E.-' (i-'i-B ;C-011 Vol. 5, Mo. 2, 
t . :?4-i;j. Pud h-. i;.er : JOHh' VJIL?,V S r.Ca;:; LTD. BA:-'rdi:f L.'^'JJS CHI :?ii::.:'TER, W 
/'hA-h:-: Pj];- i'JD, r::v:;LAi;r . I.A-.N: : fui^. oru:.-r.,iy: USA. Language: 

h.n i / n . 

*A;:u:-'rrA-:T ,A.^\T:AbLE IN THF ALL .-1:L TALL POiOlAT:^' 
AB Th-- - ex.;.i.hyri:\.- ..re r r it' ■ r ypl : -i : met--.;!.- o rdi:..;; t : na exj^anded 

r : rph'.T i . They r'e: i:e;-';-:it. oue:t-: 'rLing rJa^s jf f h.";iriac C'l'Dg ica L i :fe:rts 

-'-hjw pt:::m:Lse f ■- i: .^r. ;iri-.y ci medic:..! p} \ c^- ir.ui. . Currently, tvjo 
■li fx"-: ere: u e :--,:■■■]■ j1: :. ::n; :.a:\ i - exaj liy r L n.- , nam-.y nic^exafin 
■f J liul mi uni :Grl- P-x, A an.:i i;i tex^iL_Ji :u^et i ...m iLu Tex, 
.1, c;ie i:x'->b/e:i . rLil 1 1 c^:. te r jlirxcal ttic^ls :ol a vaiie^y ?f 
1 ;-. 1 : :• T : i - r. ■ . The rir^x : tx^s^' a:-rr.r;, X :"i'TRIL { lac tex^^ £in g:idC.iniuml 
:nie-\i:.n, I'.e i x.:i evab.i^te:: ,;,.e- piitextAtl X- r,..y r.iciiation en:ian::er in a 

n.i:.riLL ze:i Pxaxe Til :::]ixic.A tti.. in i=Ai-nt- v/ith I lai:'. meta :■ t ..:;e£ . The 



I .1 

■ iijr. .w Ln .' n 



■ 1 •■ T^.-!'. . r rni.i^ a t : . XX , j :i kf-ixg •■■•/a ■ -la* ed 



photosensitizer i-.^i ^:^e _x: l rt.e pho* o-lyr.am i c ^re.Amenu ot 
te:xa-:-ext breix: ^nni'er ; LiJ*: i-.Ih ( R Trxie:-ixr.; now in Iha-^ lit' :.'^:;iical 
\tL.ni-); ■ ;. 1 ) pl-X'f : -iX'Ti : }A a:- 1 ■■ t r.tii.'U : t . i th-": r o i c; r^: ^ Ix in-.-o- ving 
:e:,r:xeral /ml -:xxr,ary afteLi':r .-ATI-^IL ■ f, : rn;e.:ri'jn; t.:-\i m Pha.^e II and 
rh,.::e I 3l_nix.:il ti : alt , re.- f e .x i • ^el y : ; arxi { : i i l/.^ht- ;: ased a related 
rL-:;ub-.r de'.:'.;n'Xr- . 1 1 : r. iCCTRIlI R- I ;■. ; -r i.^n ; utx-extly xnr;.::i: Pnase : : 
vlLiA:al e^-tl a.;.t i .'X , a --,:?": n tx :-e.-.t en ] n ai-ea..- xhe ret.in:.. :n this 
.i:t_:xe, t x-i^e :;ev'e : 'rrTienr , si'zxxr v;it x t^n.^anent nl .\:.y.)'T ::~.s Dl 
■..n-:i-r . yin:r -xenix^iy are rexewe:::. ■■'opy :m. -ht :') 2 0 ■ 1. John VJiley v Sons, 
L:xl. 



L19 .-ACULK c DP 1 '5 PI-I2A,^E C-JPlAdCHT .C -A, EL.r FIX'I ;::R .AVI. b AC. 

20013. ■: AC. SMPACS Photosensi tizer ::^e:i\-exy L'.i ph jt....-iy: .am - -:her.tpy 

. f -:r.oroi:ial. ne :.x.-i - x....la i r ..A. _ :n . R-rrxif. R.Z.; AillTi: t.u.. Dr. J.VJ. Miller, 
/■.n-:jx :> -rexe.: 1 a Lao:xX!*.:ry, Ma- 3 .:h -"C ti- Rye and E^^x lntirm,:;Ly, H.^r'-ird 
M';-1:x:.j1 C:-}.:j:1, b-x*.:x, H/v, ^'nit-;:-: .■ t rrt--;:^. wmi 1 1 e r -iitiee i . 1 1 s r var i; . -r :lu . 
/■xl-/ax.'ed l^r'ij :}el-/-:ty Re:'ie\;^ . : o ■ - V: ) :1 'Oc': A)':!, 
r.e 1 .. : ^2 . 

A-Cfb: Jlo^ ■A3:.A '":OjE:A ADLREr . 

r li:: 1 .A.et: Lien-.: 3 ::A iCr-- 4 ^Cr.; ( . i ] ) ■] v. . C.j.un^x-y: : tner 1 n 1.^; . 

L ^ixi.r ...1 ?e : KnglLxh. Cunirairy L :in';ua ■ : Ex.;:! n . 
AB The rjie.^ext, reviev; T-xarni nes *" h^■' i i tar.ce :f imi'Lo-ixiq 

photosensitizer d-.- A V'-.x" y ::oi ohir txiaal ne d ■/as cul.-. l i zxl ;.cr. {C:<\V] ix 
lirxt jf: the :lini z:.)! impa^xt j t" ^ x it x^dynam. c therapy PbT t^r ARC An 
: 'I'i- ev7 :ii tne ::ba.--:ei 'ir a'aila: le photosensitizers -is 
tiM'iaei c-j.d the }..r ..pext -rx-; 7D-erxjr.g photosensiti zer Uf^t./^ke ^in'; 
■irxulitiji. ix ^eraii .lixe d- .■■ a i.-. .e e i . Cxrien^ deli\-':i:y xyst--jms, t.^r example 
.i-:i).:--maL i' ^ niu I at L .^na ii.j, vm . L a.^ 'he u.e :■£ tt^e ir^jmisix/f d.tra-e;fv' of 
i:i:i;:xiiy arreted d--.:.i-ery .\z ; ' rategy t :• impr^-'-e PbT e Lecr.i vl ' .y and 
effj-::ien-y t :x: 2N' ' " reatmext" are •.•■x::iibed, A suriu.iaiy of tne uor-: using 
■/ette^ jrfin, tin --txy^ purpxrix Lu-Tex - 

photosensitizers "U.-rently .i.n -dix-cal triiils for C!r^ - i-.-^ gi'-'en. 
.:AP":':-Ar. ^OjI Rl- e-'ier Sri-r-n^^' RCC 7A1 r^ght.; res-c^'ed. 

L19 .Ai;3WLR 9 ''jF MEDLINE bUI LICATE 2 

200102205:> PD:'umeiit Numxer: 2U5-77. .e. PubMed ID: 1109 3200. Phot:o lynamic 

therapy ising Lu-Tex induce.!, ipo'fr .■^i- in '.'itr:, and 

its effect is pctentiated by angi_-tatin in retinal capillary endithelial 



cell 3. Renri'j F. Z; Delori F C; Holzer R A; Grag(.udas E 3; Miller J W. 
{Laser Lab rat c Retina 3-2rvi^e, Massachusetts Eye and Ear Infirmary. 
3cn-5:;en5 Ky-.- J-.e-s^iarch Iiu^trtute, Har^^ar:l Medical S'jhocl, Bost:n, USA. ) 
IN"/S>TI':;ATT- PIITHALMjL'j FC<D \^ISUAL oCISNCE, (-JHO N-v 41 (12) 
.39-:? -71. ;--uina- c:de: 133]:: -'H 4 6 - 1 4 ' ^ 4 . r'.it . /-■^.nt.r y : 'inited 

oti* e.- . L ■. r.'.: ia : E;.gLi^;:., 
AB PU:-.c j/E: : ex;in;._ne tn-.- -fl-E-cT. o: iiorih l ri _ ani:i ~- at :i n vr; r: ho";odynar.ii c 
th-: ia] y ; F ) L.::;..nj Lutetiiun Texaphyrin Lu- 
Tex; /v^::C':., F'.l*: VI ? i th , 7X a.: a photosensi tizer m 

bo-.'i.-.-r t.e* ina! capillary ena "t. n-r_ i ( BR :S ana : -er. -..nal r.;gme;-,.t. -pi-helial 

RFE) >-;i 1 i ai-r:: t'j aet- :]:r:\:-ne t n- mjd-r j t ?DT-ii. i^.cv 1 ce. : death ..n -hei.e 
cell l_ne-. HET}Io:iy: C'll^urer rrRCE and R:'S cells v;-;.:r-e in :;nl ^^r-;: d U-th 
,-in-;Ti : .: t.;d. :. : •■ : ) n:: niL' f vr n.jurs ani 5 ib i e.^t e':l Lu- 
Tex'^^''"/ a.:xn'i *;r-r a^ment v /i r .:ini-:":. '"-r.:. p i - -./i jis !_ y "r *. i rni e .1 
iiu .•: : ■7::cim nd Lu-Tex t d r : nnn.^t^:- i'.li-'^/ed oy Mn-r-;i 

.1 r :m :;ia^a . :'. a' 7.:,^ i.nO . Avl 1 1 t -ur-'.i '.';;. wa- ..-c: -^^ ,;.ea t t l-v;eek 

I i mI] f er.-" 1 lo. v-it'-: ^n.vl y :1 as..n;r .■R..a':ien *. ' .: t-t:e.:t:. Caspase 

/ 7^ 1 vi 1- ".■ v/a.:- noni ^ :red _n :-ell.- itter i:"':' 'is.:[..: a f 1 u " r ^ocen i :: aibstrsite, 



i\) ar: a? 



-Mir: 4 " r:_ I 1 u ' f jiief. ny . oimar.n [ DEZ/D -ARC ] , '-'f 
,.:,,:ra^e . A:Aer rr.d', ■ -xp t .■ i n . f: R:-!--, Ra>:, .-.d R,-: was a_SD 

^vaJiiined i r. >r 1 1 ly.:.at..:;^ Ic' V/c/A-rn r 1 :R. ana:y::i.^. RE:;U!/AA A .;.ynergi.;A, . c 

T 'iXic •:• !"A'-"- 7^: !" b ht: Lu-Tex PT'T v/n 

r.t :'-e.:i i r. RI-R'E --lis a* .ill rlnenc-r i.^ed , i-i, and y' J ' ::"u i R : ; P = 

7i.--.:'-' tindnnns .-ip| ire.; : r. . y it . ;n : i ms f C: r i :j w d-::'^erT':i ;)rd:ore 
IR/l . :Jo ,:■..:)■. 1 nt(.-r N :t L'-e r 1 1 i n :i •■d:f-:-^ v/,;:. .d" ;■ - : ■ :i in RF'E .:ell.;. Caap.^se 
: a.tiv:ty wac el^-.';. t e^.; v-nh.r. 1- nirnur-;-."- l' f ■ RT -m BFCR ..nd rR E cello ..nd 
uf,:: flaenT- dcf --nd-r r. r . [ A f f e re a t . ~ i ncd..._^M-jn Rj1-1 t"..iai-y iuer;\l:)erc \/as 
ci: -e'l itrei p:r in bR"R an-:: ?.'':■] c^' 1 1 ^. . '.:o:f-'Ri* '.; I ^II^A Rn-": ■ii-jint: inaRion '"'f 
.-in;:c ; ;-"ar. m .iLr.Li Lu-Tex t R':' p :d. -nt . it-s " ne c/ : x L 
f'tf-riR r Lu Tex. :R'l' ^n RRi.;E .Jt njt l :n R?E cell.-. 

I'ni.^ may :■ tc v i ri-- a ^tr^t-'^y t : in::re..£C 'J-lc :-•-•] ^ .rA t. y j: FR':' in damaijcnj 
I : -i:: 1 Rl a r ■/ cndc t ne 1 i 1 :tR . s v;irh . es.- 'liina'.Te " FAR Lu 
Tex- EI.iT J n j^r,; raric :a : j- as -r - ::e]r'end^-n" ■iR'^'P'^ i ^ in FR:'R an' i r.FE 
i->:d 1 s . Fn:-t.heL:u-)re, Lu-Tex. FR'I iniiuc-s jpz- 

*n::i'.rji ^- 1 c i " :a:-cu 1 a *:x on :: ne:iib'-r.-- :f tn-- B:.--_ Jamiy ir.ci ditfer.:. 
lierv/e-rn brR-R Td i 



. _ I « 



L19 /rr:-v;ef. i- .::d5ERd.:R .arvr::;!!';' i..a 'R 

2000: 1'^^^" rne Renn: ne Ai t . -ie (r.) Rarder: : :■ 5\A . T ex .li hy :\ ■ IR-v; dru^f:. 

v/ith cc/er.:--: ■:lii:::-cA p . c n.-- rn r li ."it : : n '^Vi:i r he " jdyn.tiui :■ cherapy. 
;:A-:;:l-r R L F.e}'iin:); M.iler FA. UHI' ' 'i EilA-A I.'LF: ::i]yi: . BTIAREM, 
AR.R:'IIR TR 'R'-R Rrrrinv ; :'HA.FJ LR :Yi X TR:, . ' -K.RV R.^E, ■'A. A:ie.-A 

rr: .:heiitcal fhaflla?': lo 'iv ■_ /.pr a.-oo v^-r . 5-, .r:. n- '■■v-,-7:.a 

Rul: ii.^he.L : REFR-.-J IRIR- E L;-.E^.R ER SvTEdcE LRR. THE rR''.'LE-RRFl', A^v^FRRR RARE, 
rd : LIIIitTC'R, 0:-:r<?r\J lX5 :.'rr, EN:.L;RIR. I.R-RA D'. . .a 2 . c^jun: t:y: U3A. 

Ijiir. fU'-!<R:-' '• EniRl i sli . 

■RRR.'-TFACT 1/ 'a;AA1 L;vF LE FR THE FJ.R AMI' l.RRR FiFFJRRT.-'^ 
AB The t t;::xaj cx/r^n.: are .qnr nt-s.-.er.*. r al ::ic\ a 1 - (.c 'd i r.a ti r. _: -Xf i.:vni:i':-d 

f.) :'rr'h-/rir.:- . :^hey : n s t : t.-'.x. e -i ne\; :eiie.-. :L . yn^ r.-'" ic p.f}'nyLin .inalogues 
i;nat: ,:.lic-w r^ronii-ift .;is d:;r.n: fjr Uo-r ir. t an.j^-; C' : ri-dic.iil ^ ne r ^^r^ i e:: . 
Currently, Rv/cj i.litterent '.;at-;-r - £ c i ub_ 1 . .;>. d lantaanide i 1 J I ■ t.--xa}:inyr in 
compl^x-;es , naiuei y the cad^: lini im Til .vnd 1 u^-.-:t i urn ■ i 1 1 ) d. :r i -/at 1 • ''e;;; 1. .rud 
R (dd-R^x and LU" Tex, ;€'.■.] e it i-zei.y , dL-;- leini.i 'e.R.ed 

-■:.].ini.:<-d ly. The Rirst ■ d: *he-e, ::■ .RTF.! R RM , in a pd-.-o'al fha.-e III 

cvl.rnii :aJ vr^al .<c po"en^:..al -rnh'^ncer rad... a ' i nr.. cheL.ajiy :ci patients 
u.i.tii r-icd a-, t dti c c.;ir.cer.- R.xe l:r.i.Ln r- ^'dv'.in'.i n'h'-iRs hc-iix .t . ..di a ti cm 

^.hera}iy. Rne ::ei-or.d, in ■'ar.L:u; .: ■■ t:mul.. t.i : ns , i.: F^eLng te,L-t<E-a as a 
photosensitizer fcr- us^' :..n: 1) me {.. h' ■ t< .■dynai.ii ■ R:eatru-nn cR 
jecur.rent Ixreas"- cmcei- LUTRi:-.* ( TFR ; Pinnje IJ c.inical t-r.-.al. complete), 
i.i f.ihc t'-'angi C'i_ la.;. t.Lc .Lt.'ducr i.jn at atherosir.l.r-r .■ srs in\-.l-'in(f f't-r ipheral 
a.rteries (RJITF.IN ( TM) ; nou .m Pna:-e II testincr , an<;:. (iii.) light-based 
treatment cf age-relat.:d macular degeneration ( OPTRIN ( Td) ; currently in 
Phase I clinical trial.-}, a -,'i i on- threatening disease uf the retina. 



Taken in concert, these tv;o netall ?■ texaphyrin.: f.rovide a pov;erful new 

class of e:ip- erimerital <:lru whose :iL\^er^e pot>-;nt.ia L utility is abetted by 

a car^t. i nat i.:-n of v;ell -.j: t _ni r.ecl phy-sira.: teat:-. res, favrrab.-; tisrue 

: del C'Chli za: Ion charac-.--.-rist: c; , ar.;i n^^ei me -ham .?m5 a:;tLjn; 

; ntei e- tin jly, the.:e me .-h- .r.i.vms may .fdt*.'r cc.rr 'ent i : n a. L \ji.-l'.'m re<:rarding 

jiiechard em;; : V. radiitior. tner<;ipy an:i rn:; p :i-^ho: hys j : 1 : :jy i 

o.tneir,icle:::.;;.:s. BI0:HE:! PHArn^CC'L ■ ; 7 : 7 3 3- 7 •. 9 , IM" >: . : Z. J 00 MLsevier 
c i en o.e In::. 

L19 .-J^-Wir: 11 C'F MELtM-E Dd? [d ■::at?-: s 

20001 ■0^:>4 lie --.ment; Nuriitior : T : .d- u ' 4 . P.ilMei Id: i:'^-04 5 d.. 

Lutetium texaphyrin Lu-Tex : 

joten^ial ri-eii/ nger.r ::or c>-:ud-: fi.n:;.i/ ^n :n. : ;'r aphy an:l j: : i >iynami:: 
•ner^ipy. B 1 .i:-v;:n<raj-.z M V: l1;:v. jti d W; di:--';- d; rd- ^r.- c -d Ke,5,:.el D; 
riill.e: P.. I PJi.ii rmacycdd. In":, ounny '/i 1 e , :A, -'SA. . 

iii...mibOt.: t-y':ne.st.intof.i.-rd.i; . dllSrd :AJ: JXTdAd C E' d PHAddd! I Xd (d:d (2000 
Mit) ! A) 3L)3-t;.;. '-u:na_ -cicie: '3T::0C. IS.dl: 0 0 0 d- ; ' -i . Aib . 
■-antiy: d:d States. L -in p.. .- :^e : dn'r L i ;-. . 

AB I'l.'r.Ed'.rz: : T: .n^^-;;std :Mte tne- ^ n i.t.ibi A ty : v. lutetium 
texaphyrin ■lu-tex) :i£ i : 1 .lo -e s cer^-'.^ ii-L!:;jLna 

iirent in t;.-;: 'ile li r.-i-a M o;'! t: L-tinal - ' :i.i. j'.Aa r m;; --n j r ^ i 1 a ! -z.;^ .: :u ! a r 
.d ^ e:..; ■:: = . 'Id- 1 i t: -d i i; :■ -n etdd d.en: £ I'j. -'re.jcent. m)]--;'d'^ that is 
•t ] .-: :. photosensi tizer : ei . r--- en a ..ni.p..e : r pc r: f..ni r y t : ■:"''dde 
■d:igno.M.B and t;nerE;py. AE'l'H d.'.-d dun.:;..::; r Ai l ^ cen^.e - n ::.:■: r ;pdy -Dniparing 
lutex i ni:>': -^i.-i.^ r :.n lu-:etiurti, iAif:;r-n, f'n ^ LTL^i ::y :d i dr.'!-, 

.:Anny\':i 1 e , d i : I: ci rd 'i ) ■./I'-h t. ne i -on-'-rnt: : : na I -m ^.i-C g l ap n ■ : ■.ly-;-? , ,:; ^dium 
!d ^ :iL*::i ::-e in, .:ind i n:l -^cynani ne :u"eeri Ad!' d , v;,;j ^^ r f;.tdd' t me 1 Ln rde eyes of 
:\:im;tl .;::n:l 1 n.;- e t:-i n t nre de-; "-^aA^irLi-; vjl'iire rat'kd*:/. z^i^.m-. pha rma :;C' kineti c 
■i--:a and pU::;r\:i ^:r:t^dn bindi:'.^ v;e l -.- e^ .e .-ri in oddi-i..n t :> lignt 

■:!;■: o 3': c ■.' :> :: tne reti:.< ;n t-.Ah inia .;e.:l :in-:: I -iS e :: i n i u t - .■!ye.: A^doULTS : 
d: :m;il retinil and ::hc- 1 . i .-ir. .1 -a cu d'l *. .u>- v/ai \.'eli de 1 in--' a^ e^.i ;:y lu 
-tex anLf i :) :: r ^tihy . rd;} ^e merJ. a i :.y ini.;a::ea jh ;■ r :a ^ial ani :ei-:.:n:d 
"ai c:,laL" lei ^'jna v/et -r' •i-ivh.-ir.'.-.'ri.l by iu- tex am:: 

..lemim.: t Lat-:;.:i ..i^tterent .-Aainin-f paf.f.-rrn.- t:han f 1 ui: t e.: ::e : n ..jl T :*G, 
pa t i '.nil a r 1 y -rrt th':* ma r i; rii: l the :-::Ai'ns. Lu-tex 

'■deaie:! r-:i::i..ldy t r -m t h- rd.-,^].!.., wi'.n 3'"^A/^ r .^und 1 :> th.e n .d-- :^':'nsi ty 
I i f-:)]: I'lit e i.n ddLd ti-c'.iC':. vd.^A- 1 : . >: ^ i-;.^ r^i.^n:: t. : the 1 c \7 - :l':-n,: ty 
1 If -jI in-.t^d.n LI) Id fd:.-c:t.ic.n. e^^'i :;eii ::e : t: te^dnal i i * y -^A t :: dye 

aiminist. rat; i .'n vjai Dnser'^'ed by e.. t:i-r :){••!:.•: ha line copy an "l :din:ln.: 

pn nt-; a rac ny .r tiy 1 i rh*. m:. 1 ::opy . -^dd'd.'.J.: 1 C'd : Lu-tex 

■t.r.z i.'^ai a^h',- i .: ii j t.-rA i a 1 A' 'r^luarde nvAnji:; fc r retin::.. -'-li-^nAa:: and 
.:h:)r:ddal ''ii-.jular e- 'al '..a r : : n , and A. h.-.i n::i\'an: arre.^ DV-.-r :d n :^ i cein and 
I :«:; anzTm: :u apny . Tne £ arrie rent co.A'i -or. ::ei v, it 1 y be a.i t f •> f ;:otn the 
: :ienti f: 1 TAli -'n :>i hhuornuxl "a.:- ::uJ.af.. re ami ; ar.s eq-..enr ph : i: j.iyn s,m.:. - 
" t e 3t nl■^nt . 

L19 AK.^WEK 12 l'F 1 bdj.A;;' j T Vd 1A;]{T . ^ '. ^ -d jL'iAl ^Ad A5.drAA.A;^ dlOA 
2000 : n-A^icC-o :o ::um.-nt. Kn . : d'.KVA 'A' ' ■ i A' 4 d . .i'ub ::e U.ul.^r i' pn :■• : t :i.A. :: i ty o£ 
An :> tc f L i n - I J \n:l lutetium texaphyrin in cell: in 

dtrc'. :^A::.na, rl . ; Sn:n, V. :■ . : Lee, ^d d.; Mtrnyen, D. d.; i';.uM-v/L, 3.; Do, 
■A; Auta-teh, ? . ; Bern., M. V; . (A. be::km\n L.iset: A.c'it.ite and 

I-d'.:ilcaI Cd.i.n--.:, Uni'/Ti.: ^ty A Zaiit- /n.i.a, [f-r.ne, 1 0 32 idE-.iltn :A::iences 
h.ind E.EiSt, Ii-.Ane, l:A, id-A. - .47^ i/bA. d:..;nar.. in dedi.^al ;A:.-;-\ce, (2003) 
" Pd. . 1:, N^' . 2, pf. A 2. T.A^N: Ai2 J . Lani::oa^e: 2njli..:n. Summary 

d a:\guage : En:r] i.: h . 

AB dhree I'eli tyf'e;: i n-::.. ud luj r i.^cAne }: -.._m':'n ::y .:iiAery end :i * ne bi. .nn cells 
:r'AE-, rat eanrra i Ci'^ ki'lney cel.i:i (i^'A-A , ana human larynj^: epbdermoid 
jar^iiionia -ell.^ dief' 2 ' v/er- u :asd tc -"u^ly ^uncell^lar .:caliiation and 
ph'jtc *:C'Xi :::lty oi J hc'" ob ra n- 1 I .:ind lutetium texaphyrin 

Lu Tex) . dells vjere eximin'-d for f InC' re-i- ::en^e after 
-idminist ration of th- f liot.o ■■ ensiti se.i s . oubcellular rej:;nj v;ere exposed 
v;ith a later micrcbe.:rrL sy:.t.--m that u^ed an argon ion la . er pumped dye 
laser generating a 6^0 nm fur Photofrin-II and 730 nm f.^r Lu 



Tex. Flu jre.scence detection =uggestF that the Phct ?■£ r in- 1 1 i .? 

bound i.rLmarLly t? tlie mit :c;.ondr ia with some di!f,.Fe fluorescence in the 

re^t ::he lyt jp la .■::n . The f 1 loce r cence in Lu Tex 

ti-'-at'-'d ::eli r appear"-, to iDcalisevl t' the 1 vines . The i^ercentage C'f 

:i;.:'ia ::ell- e'jI 1 3v/ ..ng li .rh^ expc t:e o t.he li : :-::ient sabcellular 

re :!:):..■ iifter ?Lo t t:in - 1 J :> : Lu Tex tr-a*:nent 

:i-r:i3n.i tr-ratej tn;it tn- nucl'--i: r-^gaon wa: the injL\ .Eenoiti-.-e rarger 
f:.li.:v;ed bv *.he pec;iiucleai reg-^r. .;.ri-.l r e riphe r^: 1 ::ytopla.-Tn regi::n. 

L19 ,-\Jl;--WEF: 1 :i OF ]IEDLINE DUPLI :ATE 4 

200102:^^5^ D:ic-.ja-nt Number: 2 C- 3. :■ 5 6 . . i'urMedID: .'^"736^. Flu d r es cence 

pri.i LHi". -.o -i.i.ne-.ic;:. jt Lutetium Texaphyrin { P JI -Ci : , 
Lu Tex' i.ri -'::ie :-:kir. ml neal^hy i t unnrai h.iiiii.-; te r 
■:;nee<^'OUc:- :;mr-'Si. :.eLLw-- :e: M; F.adu A; I-l::inniei- P; var^ d-n Ber^r. H; 
vJ:i -fni ^-1 e,:. ; Ir.s i t .ite o: E:vj-_ t: Dnmen*.;a 1 Enginee r vr.cr , In'iR LPAS, E?FL, 

L:iu-.3nne, ;-wi- z-.r l.a n .i . ) A.'FKMAh CF PHC'iO' :HEMI3TFV MuD FH-jTC'FIOL jGV . B, 
3] .}l/jr,\\ :. :}.:iO Mar) ':'5 :---i.A r^.irriil C'j:le: -::ti4)^.'. LZzN: 131 1-134 4. 

P.ili. -■.■unr ;--/ : Si/i t ze l lan'.i. ri -fu act; : Fn.iliih. 
AB V/e n^-'-r in"0;i t i :f a t e .1 rhe ph i i m ^ d k in--', i . s PF) c : Lutetium 
Texaphyrin LuTex), a .3 e . n 1 i- ne i:.- ^ i 

photosensitizer, in "he oy: i an lian.ster .-neek pju":. early ar. ::et: 

Mjl-l. Ten in^ie n^m:*.ei:5, r'i-'e ^fitn :-KeML : :;1 1 y inluced varly S'liuarnous cell 

-an-::eL id: "die lef: :neek p-^-n, recei'^ev; an i ni r.^ ''ja iviia - invEcti.:n oE a 10 

nyn ml Lu-Tex S3- J"i:in, re.ii.. 1' in'i in :: :::se or .1 in:; 

Lu-Tex P':;f k Jywe i 7:/. . Trie E p; :r i.ne dye h.r/e been 

ne-iiai'/d dniLn:^ the 14 a : :i:L:):7ing rhe iniecti.:)r. ./itn an 

:)Li'.n n-1 - f:i; e :--d:) ^Lsed ;e :r: : f:l a ■) r' ?n.et.e :■ ■■ n tdi- veritial ;r-.i:i, : he nealrhy 
ar.d :h- ruMOial chee -p':? a ":h I'ni'i-i^a. Tne LuTex 

r! M t : :>::n -e e>::::*..el a':. 4 D nni rir.'l ae*::e ::ti" :i r :>uni:i 7 4 0 nni. ALL the 
raeai ..L '■■meri*. .J yi-f-ld -^ery oinl-ar phairu-i :: 1 k.i_ner. 1 ^ i.r\^-:-.^. T;.e f lu :> re;: cen le 
in*er.--ty re:;c:.'L:3 a :iiaximunL 1 e".ueen t\;: and tnree hoars a:t:et ihe 
in:e:^._ii-i ml, at 1': maxin^m, i5 j :-r..5 u- tentl y highei ■ uf- to 1.0 ::irues) 

jr. rne tannr tn.nn C'r. *;ne li-:aliny ii.uc-i:%a. It remains ^-ma'ler n the skin 
tl'.oTj cn :;h-e-:-y> : u ::h ::Vi20Sx. /-.ff.er 24 :i, t:he Lu-Tex 

r: 1 nc r ^:a:- ::en-:.e nj 1 jn:jer i-;et. e .:tat le T-ith'^u: 'jn the j.kin, on th-: LejoLiDn c^r 
Dn th^ h'::<;i.thy :uu a. Moi-'O'/e:, Lu-Tex ::leardy 

■li 1 a s ; cfni f i :: \nn flu re.5 -ence oele-tivity h-tween e^rly ::ircinoma 

iin'l n^..-il t]\'/ niu::s;. m ohi- nirle:. Fu rth-ianmire, th- ir.te r - .rvniina.l. 
r 1 u : *: J .;it 1 01 tne I'j r-;:.- c^vn "Vtr^ sig:. il are .-niaJ 1 ( - / 7J ' - :->r. tne 

t l)ea;nnT m..cj.3\ . El ;n t- nn nut : jn :r kin-i t r li.:; ti c n tt-.E ta ha^/e been 
t)e :d' : :ne:i ..4 h -ifier- nne jnje::*.!:!. cd the Lu-Tex .'n 

:d.e vti-itra.. ;:d.in j£ ^-j .ud'.:; ; t : d n.-ii ar.:rial.;3 v/i-..n a .-zla.:: inni.l 6 1'-;) r . No 
t:e \ :-':i--in i.-: j1) ■:■ r ve :1 , ei-h-'-r :n.- r c =; ci'pi .;al 1 y ir ruioi': c:};: i :::a J ly, i^hich 
turtn^i ■lemo:.io:L a>:eo , as .jge t-d l-y the tl' i jre-- :-e niea.iiur eident , tnat 
tni;- photosensitizer is s I'.rni E ; '.jan tl y cle,;irea fi'jri ti.e • <in 
•fift.er ;:4 h. 
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19992;*: -79 E' jcuiii-rnt:. Numner: '5 n 3 .: 7 ~ r . i-'urllerl ID: : ■;■ : 6 : ^ 4 . Sy,-;teru.c 

.;ir pli'-;at i on if photosensiti zers in t h- . h- :-k chc r i : a 1 :..anoc'ic 
nei'il: rarie iCA'D n-.Ddei: phot ii dyn.;tM.i c j' e p ;■ n;s e c f C/--JI \'^-s;:el£- and 
S - an.inole\-.ilir-i. :■ acid upta-.e --itetic;. ky t ranopl .vnr akle ::umcrs. Hornung R; 
H..fii(^e;i Wi lann tl J; K.Liie.l. ; hi-.u L H; T.;.diL r^Lni I'l W. ibec-cman Laser 

Jn.^iinute and nedLcvl Cl^i.io, "niveis.ty ot tali f ' ■ r nla , IrMine, 'AilA. ) 

'(jupj^AL 'jf j'HCi';': :hem:;;try ;d^D iiidTOBi' 'L';'Gy. b, fimlogy, u ;)99 Man 49 (i) 

4 1-9. J.jurr.al o Dde : 3 iJ 4 6 . :;--,:N: 1 1.-1144. E ui ■ . counnry: Swi t ze;:rland . 
banfjuaue : Ei .gl-. n . 

AB The aim ot t.hii, 5tuuy is 'a. mDro. ty tdi- ihick ihc .nL oallantoic meinbrane 
o:;j'i model ir.t'i a v/hc.'le-an ima . tumc'i m^idel for f: not odynam^ c therajiy 
ipbT). By u; ir.g int. la} 'ririt l ne a ! (i.f'.- photosensitizer in^ecric;: 

ot the chick embryo, use of th*"- CAM fi^r PDT has t^-en expended to include 

:iyi.temic de:_ivery a„ uell as t-.pical apflication it 

photosensitizers . The model ha.^ keen tested fc^r its cap'ability to 



mimic an animal tumor m.del and tj ser^-^e f^r PDT .studies ty measuring drug 
fluorescence and PD:'- in :;uced effe::ts. 7hre-5 sec :.n.-:-aenerat ion 
photosensitizers j.-en tested for -heir ability to prcdu:-:e 

r.hot~dynai-iic respcfL-e .n the :hic-: e:Tilr: ryo ' :AM =ysve:-i v/nen deli^^ered by 
V.p. inie:tion: 5- E.nin . e-^ul i ni c -.ci d 7dA) , h-nz ..p >rpnyri n derivat ive 
r:i^ no-. :: j.d ::inc A (fi:)-M-\ , and Lutetium texaphyrin ■ 
Lu-Tex). [Oxp'C'rure : r: tn- < :AM /as cnla tu fe v :> vK-r 

pr .-oriate laser l.:..ghv r-isults in 1 ignt- d :)o'r .iep •■■nr.len t vasc.il.ir dam^ige 
w-th ail thiee rom: jund. . L :> -al- z -.ti ^n AL\ f :d 1 --/in j :..r.'. injections m 
^-rii r-.-L 5 , \ihc2~ "--^Xi ha-^e b^een imp . ari te .1 iK.tn r ;t:. .ri an can::er cell- to 
picdur-e n.';Jule,5, i: de t-"- cniined .n re a: t^me l.iy f ] ■ * j res cence of the 
Jihc-t : ::t -.^-e met ai. : ] : t e p rc t-:ip . rj ^ny r i n :>: PpT:-:.. j^e- 'i-;;pen':lent 
'tdi.ot e-: ---n ::e in ih~ nor-mal ::X\ -/a." cu La 1 1 1 ^ nVid th- "umDr imi:)lant? cc^nfirms 
the i;r':.ar:-.- cd AL.\ : t cm t-n.-- p-:i*.oneum, ;-y,^tem. -rn t Jul a *: c n ot the arug, 
and ^ r :: .riv^^- rs . : n tc Fj. I/'. 

L19 .:oj?wilK I!. :f ]3 .r d : s rL^^KCh dOFVR:GHT _ :k . :::: 'f.- dupl: :.:ath: 5 

1999 : 1 -5*5 ■■ 'Liie dennin-;- A: i'.-le d-; dinij;er: . J^Dli. F n-nv ?se:nsi t i z itic^n t^y the 
nea r- 1 r - il. - or r in .r photosensi ti zer lutetixim 
texaphyrin: ?r e-.:M c :>p l : , in ''^l.i?^ hui i:\ -.no/.' .^vviiies. 
r::£tvni::n ^; F-al n !:i n.; T; LavM A; hari.TZam diii:-: Z; 'd'en^.tem A; 
?^hrent -z-r -f :: (Rei.rir.M. FAK 1 L-dJ UdT/, dr-d'd ?HV.^ :L-e29'd) Pl^LA;' C;7VN, 
-:SlAr.L (Hepimt'; rAR 1 d^'d: ddi^^d odtT E'HV.:, I ^ .:. O'J FLA-l^T ;;;dl, ISR/^d^L; 
CHAIM oHMbA ME:D did., :iKr':' PIA.-T .-'Rd, ::L--.:dd-A TEI, }[A^H'dIEr:, ::-.R^.EL; BAR 
TIAJ^J UXrd dEET dlFii; .-d, XL-': di: rA^LA:' d.\:i, AdPAEh. JOdRXAd OF 

r: p.PdVbd::.- Ad:[' E'Htkal-j' :y;j:ime.; nd, :nvr N-. pp. :dd3-d-90 

. Imdisn---r: dD}^: V;TLdV ; S :>M.- hdo. RAFFIdS :^d;E ■ :h: :HE.^7ER, VJ Sd'SSEd P019 
inp, EdG!,.A[;[i . I.'.dC: 1 ■ ' -: - -1 Sd 6 . ?Mn . o .mt r y : rdF^.dLib. Ijan:jua:fe: Er.gJ^di. 
V^E:S':dAC':' Id ,A/AIdAbLE IN THE ALd ;dJj TALI. F'dd-LAr,;* 
AB T::e spr- r : s j j}: i :: ^n^i 1 iol ; g.i.c.i 1 !■ r -)pe it : 1' tne new 

photosensi ti zer lutetium texaphyrin 

Lu-Tex) u-re a s .: t-.: j: -I'-d .n r'it::: cin'.i ir. '/I'/a -an -i dir. 

.-::]on -di-dn:md ini'dei, :n :: amr an .■ o:. wi.th ner-Lat ai 'hy r . n (Hp), phcd.jfrin 
II (Pill an:l rhljtm e ■ -:d i-::n:;. .■; : r : n 7 bin^-iin^ : Lu- 
Tex li^ i:l tiday-i-r meid ii" ar.e.- V7<\i.: 0 e r^-^id . 7;"ie :■'z■.^ult.■ ot 
'j:r.f'r'al :' 1 uo r e^- ".'.en .:e iw^ ':.v z .1 y cr. dl o cehh: .d'L'jv/ed that Lu 
Tex ^./■:'.r h::aiiZ'-i:; :n ,.m.:ii- -oe:: 1 i.d • a ii\ th-.' :yt . jiii,- ara, possibly in 
the : y.:aD.^-.-rLe.3 , wnid^ :n. an:i Hf. v;vre a..^:ribnted ._n lar^jer ::y tof d asrni. c 
-e^i^les ,1 t r ib-..t':; ::i t: lair.'j ::h: n(.Ir_ . ;'" :: anni]]'.: •vle::t::n micro- ::ofy and 
/dray mi ■; f : analya ia re^ ^-r.^i-^: :i rhat j: :: " jLlyriamic tnei.nxy -ni.th Lu- 
Tex -rj;iu->-"-l onl'/ ' ■' gnt rlninage tij •r-.e ■::eli m-m:" r<ane, le-'iriing to a 
dela-'id -ell :eapon:e. '/hi ilia Hp a."' eil a i J1..1. r.i c.-int st*:uctu;a" c;ama ;;e to 
the 'U':er -.ell rvvmijian^-, r-;;au : t-r^' 1 :n iDn^c j ri;- a bar. /e and faat eel] .jeath. 
"She ;n v.^i: 'piar.t 1 1 a " i ' ^ - aa3-i;-nunt : :: t^^^ r-elat-\>: e f l: icie:. ■:y per 
ah'sorked ^.n-at.in ct ih-.- .■ ^'j-.i i 1 1 zei re\'e.altrd -hat Lu Tex 

ua- less ^:te:ti-.'e f.h;;n t:hi and Hj. . H:v;e\^er, 'he ne^iulta cd: o^r :n vivo 
:-tUG-.* ah<-v;--:l thn* -iit -.ii^ ;:-.~me b.-ant an'l drug d se,^. *.he anti tnmcr 

f f i J i en'-".- :f tip- '^.'■\e:i\.L ua^ :n t;.e f : ^. I ov/.Lni.r ■ rde r : Lu- 
Tex ■ 'l-hl Pli. 'I'd-; r-<-iig iii vd - ar.t i - * um< ■ :" etfe-t o :: 
Lu-Tex c.-in te e;-:fjl i n-i-c by it.-: hi'":ner ^r.tt grat-ni 

abfcrrticiL in the b: n i-u^r 'elenqth ranLre. C .:t nn Wi.ley v Sens, Ltd. 
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1 9 9 8 : :.-dd-' 6 . dv oument dd . :h :-:L^3"31 Enhan::enent f lutetium 

texaphyrin r hotot j'l'^; 1 ar y v;ith I'll t c riyi:dn d. Thiemiinn, Fat ri iim.i ; 
V/ijc dl.iinrn, r'.athryn v; . 1 • narmacycli l'o , Inc., Sunny-.'a.I , CA, db: 3n, USAi. 
I roc^^-ciino'o of SPIE-Tla- Internatiun.il ooc^ety for Optica]. Engineering, 
;■ 4 7 ■ idjt:.<::al Met liO'::.,^. it.r Tumor T:eat:ment <-.nd r.'etect i ons : MeizLanisms and 
IV-chn.ique:.. in Photc dy:-.aiii c Theraj: y \dl), '"6-62 (English) 199E.. FODEN: 
td-dSdd. lodN: 02'^7-7;.lv. Publisher: S?IF-The Internati'Onal Society for 
Cpitii;.a_ Engineer i]ic . 

AB Luteti-um texaphyrin (Lu-Tex) 

photodynamic therapy ;PDT) relies on the resence of the water-scl. 



Lu-Tex, cxvgen, an^i light (acti^^ation arcund 730 nm) . 

Cytotoxiz oxygen .species are produced that cau:- e irre-err: ible damage to 
l-,J_ol. :~ui:.7t.rate£ . ^ Dama<:Te mayhe infli^tea via (.iirect r:ei:\ kill mechanisms 
ov thi'-uor. '^a:^cul■--ture effect.-- that cause hypoxia. Tl'ie .^iddn . hypcx'.a 
cnhano-d'ur-ig;: , :h a- nitomyc:.ri C (l-fl-lC) , can otent ..all y increase Mie 
anti-ti.mo-.:: r e.^ i-^C'ii;^ e . r.iy-1 b^.aring C mice roc-ived 10 .mu.mi.l 
Lu-Tex/ k:: ^-.nd weie il l'..m.i.natea uitn i . 0 ,:,'cra2 L 

p:>stin-ec-...< n. Mire r-.:;eived ID-!-.: . " or o mg, bet:ore and ..fter .^ijht) 

con - un oi\ v;. i- n PD" .-md v/^-re -onp-;r-.:d tc 5ul:.-et£ i-):f: drug a.cne 
cintr.rds. A . crni f icant inprL^-enent ..ii I'jT re..i:.u-e wa^ obsd, vnen \MZ 
v;.ns aa.:ea t'. M.e a?;-ina re.pri-iw the eftojt wa. mo-re ] . r cc:. unced at ti-.e 
hi:fhe.:^ r-HIC dore i 5 mg.'<'7: I-^K-' pr^'j: t^: ?L'T ga^e a median tur.c: r re<rrjwth 
time I - :):■( .:.:ig:inal "ol.) ot d lys :::nparea to I-CIC and VDT al.-ne, 1-.: 
.tnd I-..? d.T.'s, re.;r'. ,int . - amor .iijoi^/ity t lutetiiun 

texaphyrin -ndnc^/a r'DT w/is im| r(.>-^ed ;jy th-- ad.jr. . ot tne 
1" i jreo .i-::t;.c.^fr j };yl a" in-j /;gent nr. o. 'smy l n C. 

L19 ;jb^wEF. 1-7 ' r L-A-'LU.- c<- PYrd ( ;ht jj:.^ a::3 

1998 :-60 - !>■■ :-'-i'u -r. t 1:m . i 1 P:i Z'^; ody:rariii tn^iapy ti-i:ils v;:: th 

lutetium texaphyrin (Lu Tex) -i- 

}.^!'..ient3 vjitn loc.;;lly : e .:a rei.*: r^reas'- znnzer. r:en.: ::}ile r , Mar-:us F.; 
W^^.n, A;_an 7-..; Pan-.ll.:i, 'I'inotKy f.; vr.em^:i, T. r: Liey ; Diuaheity, Sl.ona; 
H:--.:errrLan, h.v.ra; F .n j e:.p-.-u i' , n^.--.ud; Aii.er, oc.t" W.; riniiar, ^'i::tor H 



at hryn v; . ; Che r^ng, 
■/al^.;, ■"•A, 94' '06, 
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L:v;e, E L i r -i;" e th ; En<.rel, .^uli-^- . ; Lum, Bert; Wiodlntn, 
V;-i-rLT.;j; ::^i:e], P.irn.ir-r A. F'h.i rma ::y: 1 : cs , l\:c. , unn 
lA-.A} . Pr -Teding^ e f: lE-Th- I ate rn i t i :.n il o . ovty ::oi Opo 
En Jin-;---:: -n 1, .j2 4i" :=pci-.a: Metnod:-- r Turner Ti:-/c.:ment and Dete.dions: 
nv::nani.^im.> .nn-l Te .:nn i. ga-r m f nn v ^dyn -mi ::: The r-.py ^/I T , ■Englioh) 
[??3. djjEd: I'Sry:-*.;. :.A?::: -7 ; 6:-: . P-bl l.. n---r : ^:?rr,--rhe Internati jnal 

.r:"::ie':y t:\ Ou^A.'y-.il Sn ;f : i.e- -r^ na . 
AB Pn jt:>--lvn.im: V ther\|:y Thy) ot h. .lalhy re::irren' i.^ieaot cimcer na.s be-^n 

.: Lrdte-l t: n r-atment or : :iuii:. i-.:ions r-eciase ■ i i.or. -Jel.j rt^'.^e necros a,: of 
a -.11 a CO- n': n:rmal tii.-.ue^. in the t; reavmer. t ::ieid. Lutetivun 
Texaphyrin ?::- )..A-, Lu Tex i ■■ a 

photosensitizer w: t.h im: :r :.-,'ed to,or 1 -..cri 1. .zat i r-n "hat i.: -^ct.iv tt.ed 
},v 7:,.;: riKi li^ai- , v/h_ :d'i iMn }:en-r; ate t;:ii::>ajh L-irf-.r t.nirr toi. VJ-; have 
rr;vaiu::te Lu-Tex An a Pn-is-.' 1 tiiaL h:\>i : n an ■.n.i.ing 

?h^.3e IL r;ia:. in vz-men v/ith J.::-..lly reoirrrent bt^.i-t :;oncei: w:t:n large 
tL;:nor.- v;h . l^a-^t t-ulerl L-i:i.at_-.n th-.-rai^y. Pat.e:\t..i re::ei\'e(i Lu- 
Tex 1 . vn r y r.ipo.:! i:;fi.r. i..n : n y-'-tDie : 1 1 umina *. i ji rat ;irL^^^ u;. jr 

l--.;^i:n.-. Ir. Pha;-e 1, Lu Tex v;ere e:':;^lated 

rr:)m ■ ■ . o : 7.: ni;T.''. ^ in 7 :-c>n . : " s . ;;'itien-.; v;j th hr o j L recurrent 

-an.>.-r eii:no v/er-E: rreo'-'^i. :):);>::; limi*:in'.: t Dxi or : i.e;:- h:tove . 5 
riui<g wet-r p.arn in 'he t c-e: -a m-n Ei.r-11 during vh-iar-y, an:; <.ly3--;^ thes laa in 
liyrnt exproed are^ ■ . h: n-"- -r . :: i .■ ol n:.rmil ti/.-u-rO m t lie tieited f:.el.d 
v;^i ntlce-.h Re., r.- : nse.L \jere .{. ,ni. m oO- jf e' m. 1 ..ai:> le pa"reirt.- (n-l'), 27^ 
- jMipl-;; te t '■:i-iio:oi : r. CI-;', :A- :. -i i ". L a 1 r-iimi..^ = i Dn ■:'>.)), v/itn ■)?-- at: le.nlitns 
re.- pondi_n-.i 'n-^S: ^ - -"P, t . 1:. Pna = e i:, : patients have been 

^tndi'^nl t'.' datt:, l -f- "te i n ? tvn " r e a tm-vrit ranj.nf Wum 1.: t'- :.0 mg <g at 

.1 .lay mter-'al. Tt^atm'-nh :i--:L:h- ..p tD 430 c::i_ in si^e \7er-: treated 
.^ ..cce:. f . A y arid ;.:-';l\aLy h.i5; n"-:n ab^d. ^'ati'-nts nave .;n-:pe rr -need pain 
at the tr--.:tment .:• i te rut no r. :. : .:,ue n-r ::rD3is . Theoe at..diea demonstrate 
tne f easii>: lity :■: Lu-Tex PLC ' j I a :y;e cne£t w-;ll. 

a Leas an v; rien wh:- hav-: tlail^ia r nd i-. t -^n therapy f r tne treataient oi 
.L:,(:al I V re': ir rent rea.- t :: -.no'-r . Tre itmenn c^nd i.ti:>:is E.re :urrent.ly being 
opt.imizea n •.:he :.naoin:: Pho:--- 11 t: L-.ls. 
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1997:37"37;' DDnim-T^nt Md.: PP.FAA 9 h 9 - i7 6' ■ 8^ . ?h "-to iynami.c tner ;:.py trials -aith 
lutetium texaphyrxn PCI Ml^r. Lu-Tex 

. Penschler, II. r. (1); Yuen, A. (1 ; Panella, T. C. {I}; VJ.-i.em-an, T. J. 
:i); Juliuj, C; Panjehpjur, :i. ; Tal-^ei , .3.; Fingar, ; H:'rn.._ng, S.; 
Miller, F.. A.; Lowe, E.; Engel, J.; Woodburn, h.; Yr)ung, S. W.. (1) 



AB ?h:'t adynamic therapy (TDTj is a potentially selecti^^e treatment ruDdality, 
v/hicn in^^olves sy^: temi .v admir.i e t r.iti Dn of a photosensi ti zer dye. 
'jyr: ac:cuMul ites li. pr^ I i f erat in ':is5ue5 a? turiio:::L and 

:'\^ar=cu.: ar : zati -n;, f ilcwei by e:-:po:iure ci f r.he ph t : ltis i t i ze i ti.-.-sue to 
at a •.; ave ".--met h .it the ak'-nrption m.iXinium c^f rY.^i dye. Sx^itaMon of 
vne ive .Lea'u^ t j h -.'t ' -.hemi ::a] l,^i-i--;'je Dt tne ta raet.-.- ::. t.,i.:?ue. "v'ar iuU:^* 
photosensitizers La-e i. e-; :i ared .i: expe t iiient ai choroidal 
neovascularization t^ i n\'-s c : aa V - - PDT, We n.ve -..-e'l enz : porphyria 
..ier i •^;lti^'e Jiijnoa-:::! (r.r:)) an^": 3 h .:wn t:hat it <J3cl.ud^■.: oxper ini-mi. al 
choroidal neovascularization ' wi.tli nc ^ r jni 1 i n " 

iilaiua tc t:.'"- d v- 1 ■.' in .: n-ju i: -en;: ij ::y r-itir.a oc Mide ;■ 1 y_ri ch:i:::ii. 
':linL:-al trials .'T TO'!' km-h; BHTi L :> r e:-:uda-i\'e .-ae- :elat'f:a ni~.:.lar 
i.ie :ren':.- ra*. io:-. iXA'J'. ha-/- .: t:a r L ■:■ d . ? ird.iMin.ii ry re/ult.^ ^ ucf :::^-,3 1, tnat (^N^^ can 
;ie :;::ludeid m tne ■.-.■arly p 35 1. 1 r •■■at::\ent r:lic;S-.-, witn .■■ :r:ie n : ns- lect i" 
'-■ffejt:^ at n_qn .-:j£^3. ?'u:rh.-:: -tud.ie.: ar-'- un-.i-:; ::ua y tc ixx^es' iijate 

\;h':'rher ■ DT of XU' :.'an :\e\p rie.-.-ivM lim.rtoirn ■ ^: 3 : : n m tat 
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photosensitizer <l tok-i :n : l x;. "...i^^os -nial ben/ : por::: :,yr 1 n 

de r i t i"e bPl). Pl^raTi, :A ::. : ; T :)ier.t i : i ^ , M. A -i; D-rL:ri, F. C; 

Pi.ni, ;. A; Kc:, S. VA M. 1 ; n.i; -lio , ■'. ; Gragoudas , E. 

S. (1); Miller, J. W. (1). i-i ^Z'^' r A : rnt:r:i;;iy, 

liirv'iid Kea. Soh., .n , M\ V^A. 1 nv- : = t i",-, Oph: hal:M . Ic :ry . V:5ial 

.■" nenre, (1 ^-6) '/c 1 . :Ai. A yr- -iT-'AA M-re^.^na AA ).: l^^':' Annj.-il 

II--':;t:n; ( f : ne A. 1 c r. V. . l r.'-';' • i. ; r/h :.r. lA.si :>rL ;in;^ op p t h a im :'.L-:'gy Fort 

LHxler dale, rl:)r.di, ::/A;-y'ril j. -.:•), .AA. AfolA O.A^ m4'::a. ^anq^aae: 
"^n ;t 1 : ^h . 
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l.enz jp ijrj- nyi ■l--; ] i v^at _ • 'e ^ -e l t oy l^-.n ph d t d .;yn.:::i: :: t h--; raf: y . ;■ -Le - ti vr; 

i:e .1*. r lent :■ l choroidal neovascularization ii. inonhey.:. 
:-;ra:u-.'r II; Miller J W; Aioh. iU'i N; M")U_" "-n ?. .A' f:a-an T; Flitt-;- T 
J; Gragoudas E S. iLa.-;- 1.^ ^ - :t r -h h.;^;;'; ratij ry , y'-'ti_n.; .-W-rn'rice, 
I-U.r^- -i -d-iu:: et \ .:■ Fye hr.-i if Ai L i riL-.r y, ;Air-^ar-:; Ac. -d: r ;A Sid-iril, bi.Aou, 
::2il-;, '-MlA, jPd^HALM' AlAT, 1--*' VldL ..OS 3! 42" ?-A Joarn-^i.L culo: 
"■A2-;4A I.:, .a:: ■) 1 1 1 -c-i.. ■ . l-'.il . juiitL-y: i^rAu/i .-'t -at.-: . L.=:r.g j -.'/e : Suij^ish. 

AB PUFl' : Th-r a-.tnc.r.i h-:"e p r-r\'i ■ aiA.y .--noMr. l}..it pA : :. lyn i-Ac -^iierapy (PDT) 
xjiri-.T 1 or: L . t'f'Ln- :;eii\'--ro.- }: -rn z ■']:■ :> rpny r :.ri .le r. " 'at : ■ 'e mon -—ac 1 ;i (BPO- 
t'AA e :t i'n--ly ^■ ■ci -^-xpT l ir;'"-nf .1 1 choroidal 

neovascularization -Ar: . in tn- Lv.rrent s tuay, th-;.- i it h ; 1 s -.. ed a 

■.Aim ::al p r-";; a t aM i^n, : . f l : : pu;. I brA) ve:tepoLtrn in :n>-: Lame rii-l-il, -jrth 
trxt: -^-rimeiit.? 1e i. .. .rn-:- :i " e.:*.oj:dl~n jji'^imaZ dy*; and 1 _ ;fni" i:5e::-, the 
tiiuin'T 01 I-,, ef irraMi.^"i:n ite:' 'lye in----ct::n, 1: : r efteotL'/e and 

oele-:A.-^e ::i sa::-r ■; f : Ib'I'H-:! '.A Ex}: -r i.nienf al CM"..'v;n:- ind-..>::l in the 

nii-'.A.;ie tf --mm .-^ ^>.:s n:nl-y.-. h:p'j.: )ni.vl &?j ve)-tet:r:nn v;a5 inne^red 

f -ivenc . y at d:.-eo :f 1 . " • » ■).:/!'.>, ind ■.2^ nppkj. La • or 1;. :fht at 
•■■'t: ]jn ^hen \;a,i- /if pd ieri tc :::AL v::.-h an j ic-icA.an3e A: '.CjC inW ■ ..TaL 
r l.aen::-:: of AAl .T cnu , ^. ^'arLnu::- t^nies- atte:" ily- inA--tic:i, :\ingina from 5 
- 12 iiin\r. es . Trehtni^riA etd'eo" a;:-a^-iS3ed Ly fun^du;: r ho t'j-.r ra^: ny and 

l.u : : e^i.^eln -n'::.:.': g r-r=phy ana .loniinnel \'y ] 1 Ait and el.eL'tr':n mi zr : 3CD])y . 
Tne t bT of -i-ip-ivri menc, A Ci:"' v;as .:tad:.e<.i "c assess etAx.ca::y; PI.*T 
} e.rf'jiinrmce -jn n^' rm.iil eye:;- v;a,i .:Miiii--^c; t'j ii'/zes tiga* e ^-e LectA\'Lty . 
KE.r.dLT.rA Thf' CN\' cljanr^ \.',-..r deni'. n.-' t ra ed jay fluor An angiography and 
hi- tof atholr ;fi :■ tAndirj-f.-" at ail ^e.it-jc dye ..l(...;es . A dye d.ijse of 0.;:7:) 
r.'\;/ v/itl: ..a^er light 1 n i .nc:ia*..i on ..-fpli-ed 2 J to Ai itiinute; after dye 
_nje:ti<.>n, < . } )t.i zed CN'/ cAcsur" uitn minim i2 retin.1l and cnoroidai 
c:..;image. No n. ijcr I'jza.: ad\.''ate -.AffC-.s w^-le noted, .-tnii the 'i^rug wa: v/ell 
^Lileratcd systematically. < A'NCL' A A 'N2. : L.i.^o^omal BI L ■ ^e r t ep -r f in il a 
potent photosensitizer, and PDT ULing zh:.s dye is a p^Aentially 
effecti'^e and selectiv'e treatment for CN' ^ 
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ill h'.". .■ ':a I. i n eniJi .■ - atm , <i ',;ith an rip'-'| t' i -ni :":lul. a t.i ng ta<:zcjr. 
-'n t ihf rni'- t e, rhe .-. 1 '-ti- ' i ty and .■ L-n..; i r, iv'.i ty ot nne DtT may h<.: further 
■■nna:.';oa by .nmpl/.n'r a t.^ r'Ttt. r n'^ ricvi_e". y "i- ".i.e photosensi ti zer 

raryet zhr- photosensltizer cm .r^j i d.r.l r.-EO-^s ;-ular une . 
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2C 015v . - T'l ouiiie;:;-.^. N\.nu'-'i-: :i':'295. -'ubMer; : : _^M72e:C^. 

Photosensitxzer d.-l i " 'e.::y t:r } he t -^dynaini tn-.-r.-ify .'f 
choroidal neovascularization. Renno R Z; 
Miller J W. :F.et..]-.a ;':er- , /^ng i ■ .(-n^ i.s :. ^ Lal-c^ r ht r ry , 

r:i::-.- ,:ch. J Ey-i: and E<: r li.t ;: rniary, }[ar"at:d H'-idj c\«l ::*cht: ol, Bost^Mi, MA, 
UnA. A.j\- Pr .icf ' D-:d ■liQ] .:t I ; o2 -I i-.: -T:?. F,e 1 : 't; . Journal 

c j'l^j : :^.:0!:y3. l.::'N: C' I ^ ^ 4 ^ .n: . Pub. ^Duntty: ]:-^-t :,-"^rl <;;n':i:i . LarLg\..a :re : 
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AB Tn-r n:e.----:n:. r-'-^M-ev •■■naiii : n-:- ^ Mie i rin in t an ;e '.-> : i :n{.. l "> r.cj 
photosensitizer :i-l . -^e:y f n choroidal 

neovascularization Cir.'- in l-ght ■-■■t r.he ::irn.i-:a: :.ri]...c: oi\ 

I n : ■oyn..Tni * liei-upiy • I 'J?) !l r C^X'/. A:i over "lev; of rJie lAa.i.^e:-; :>f 

■vni^lat. photosensi tizers : fiC:"ink-.i .^n.d tne 

cijv^ iViL r.:i photosensitizer ■.pr.iks: vn^l -^ir :u L o ^ i : n i n ;-:eruiu .ire 
d 1 J . <7ut: ren'. d'"d :i ly s •/£ eM- , i^r ex.iKipde ' orrial £ D.i:niul f^t i :)ns as 

.1^ -ne u-f.; :f the; } ■ r'Mui ■ nci •: rate<.[y :: ant:l:::)ay najgeted delivery as 
.-trat-rn; to ;..n;:LC.-e z'ZC ;: -1 i -.m ty ami e:M:ien-:y for CIV treatment are 
ae.: ■:r.il'-.:. :^ :-uMi:[Lary of tn-- v/ui-: u: rn^.i t: te| o r 1 n, tin etnyL purpurin and 
L- photosensitizers 'Vun ^nt ly :n -l\nij:;i t r i n : t:r 

C]l\'- - .: :. - \''- :n . 
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2000::: ■ Che Cenain-- Ai'i-hr F.) "nrit^er: rC^/^LH. Ch . idynaini ■ : *:nerapy using 

L.i-Cen miu-e^ a;: : f • Ji.i in --^tr-:i, an..l \ r.z ^.it--::'.. i::- po t en*:: at e i i^y 
ci:ni : -'ot " : n m r-:-"i T..-il ■nipi Clc^ry enilotnel i al lvC : . Renno R Z; 
F-rl'- r: F ■"; Hilzei v\ A; Gragoudas E S; Miller J W 

(Reprint) . :iAF\7\Rj , MA-' SACHVCETT..; EVE v E/^P. niFlMI, 3-.:}^ IIED, 

KET:::A tFrAC L;r3ER :.AR, J4;- i-HARLE./ S^, BCCC^N, M;-. i:.:i4 (Reprint); 
HAPCV^F.C -'Xr^ Ii;v3.:A AfUCETTC EVF S E7.R INFlrJl, CCI: MED, RET IRA .?ER"C, L7VSER 
KCF, hO.-T:'N, M/v ].;d..;; HArAARD UXR/, .-CHEPE:!.: ECH KE;S IMCT, 3CH MED, 

B.j/T'jK, -12.14. iir/Ecr: :;acr T orciCHALMVL jcv \d.;rAL 3ciei::f (n:>v 2000 

V.,:. Xc.. .2, II'. 2 9- -A:; - :C- _ . Pn;.C i .vie r : }\: Z )■:. 1:E:-"EARCH :^T3TCN 

C'PHT?{ALM .^LCCY IRC. ;-o5R ROCn^lIRE P:r:E, r,ET}JE3DA, MR •03I4--AJ:. ISSN: 
{ N'. -4 -4. Pn^ . cc'UJ.ti y: y.:2-\. Lan^.^aa*-: Eng.. ): n. 
^A::ACPA--'r 12 A\7\[IAnRE IN 'I'HE ALL ;-iID TALL 'W-LA;' 2 
AB l"P,P2i.'E. C: examine vhe eTrec't ■■■i ;3m;in..na :vi:g- 1 c.,5 1 a t in :/itn 

\\\ ^ -.dyj. -.miv, iheraf^v K'T) u:^.-ng 2ut.et Ium Texapny: ..n Lu-Tex; Aic^n, Fort 
VR)r-h, 'P:-:) -li photosensitizer in Rov.^in-: retrna.:. .:.-.pilLary 
endft'ie'.ial (RRCE) anci reti:ia2 figment e[ ^i tne_.ia;: -RPE) celts and to 
de-.»-'rmin- tiie node- o 1 ERT-induce'd cell d-:atii _n the^'e cell lines. 

METHCIjS. Cj-turei-1 BRCE ^.nd RPE cell.3 were ininit'tted with angio:tatin 
7(j'J ng 'iLiD f:r 16 nijur,. ar.d ;:ubjected t^ Lu-Tex^ PDC, usin-if treatment 
p irameters ^jre^-^i ous .:.y optimir^ed (3 mug/ml Lu-Cex fj\\ ^0 minuter foll:iv/ed 
piy timed irradiation at 722 nm) . 2ellular survival v;as assessed after a 



l_^eel: cellular proliferation. Data v;ere analyzed ueing student's t-test. 
Caspa->e 3 a=tivit;v w.'ts nii-nitrred in cell? after PUT usinc: .;i fluor^genic 
.^jbstrate, (Asp-c;i'. ■\'ii-At.p]-AF-Z (7-a::iin .-4 -tri E1-. iTomethyl coumarm) 
■ DF;/3-AF::] , ot ca;^:-i.-.-e . Affer PDT, res i ?n or bcl-H, Bcl-X-L, Bax, 

-id 3:ik vj^3 ;iL.::o t:-;-:- ii iLne: 1 in c:eLl lyt-.^.e.: by Vjest-rn bl "^t nnaly-i.:. 

\::'.r^VL^3 . /\ synei ; •. ti cy : t 3X : c et:e-.'t .'f ang.-'5tatin ;ind L^.-Tex PDT 

M'ser-ed in HI-i'L: ::eli-. a*, all eiu-;. as-:d f , ]0, and ?.l :•' :m(.:; ; P 
:e5., thari ^r equaJ t- O.Ji'). '?he=- f in .li n "is afpLie.; c^nly it ang l o,:^ taim 
v/a5 :ieli->^--'re :1 berca-.' PDT. No :.ucn int.eia ^^.i^'e -:i.l.ing e::ie^t v/a;- .^bs'-rved 
.a \-.t-?. c^;ll3. Ca .si: -r 3 i':.;t_"ity was e'/.it---d -aittun minute;; :> : PIC in 
hPCL and KPE -ells "<n-:i v/^:, :::uea>- dep-n .i-n t . J 1 f r --rent i. a 1 mi 'la] ion of 
Bil-1 family meiniieL-/ was olns e r^^e i a£t-ri I'DT in BFl.'::: and P.PE -elii. 

jNCL.'l I D::3 . Th- jmtd nati-n i an ;r . i .: r a ' i. a an.'l l/.-Tex/ PDT p : t-rn^iates 
the :-ytot..xi-; e£te-;. :> f :,a- ':^v ' pfiy ^r. b?:-"H iait no\ on PPE ae.: . ^'hi.:. nay 
ntD\-iae a strateiy Ln:;rea:e ti.- se ; - 1*: i v: ty it: P]:d' in d-;imag jr. 
'-ap.iilary en the: : U -elli :e,35- -i-:;t^g--- t. Ri F -elrs. Ln--'r-;-x PD'I' 

;n:l-^:-es rapi:! i:::a/j: :).;-:- iepierid- n". -if :)pt :i.-.i.: i:\ BPn^E --.txa r.PE ael-.s. 
Fu rtnerni j :-e, Ln-Tex PDT i ndi .•: : -.{ Dptiiii; tnr-: n^n .: e 1 e-i.ti ^^e mod ..1- it iiim '^f 
menil ei£- it tne B'a ,. family -n i :i:f:feai- : -t::een Br.^E an^.l KP£ le 1 i / . 
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; r choroidal neovascularization i^a^ -r:.: : y - r^i . ; e :! 

:iLa-ui.;;r It jfenera ti . n : re;raln.- -' f t sinfl^ trea'.men" in a j-'na^e 1 -.nd 2 
..■rudy. [E.-ra'iim tc -l'i::ament. .li : e i . n IM ■■ . : .". 5 4 •" ^4 ' . Miller, Joan 
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I i 7ae: , B-t:*:;iand; Ijnati, Aiy; I'lie, .\nne M^ri*^'; ::a. rn :fr it e r , Pe:r:a.ald; Van 
aen r.era, Huriert; jna, H. Anir-'a.;; lUniarnL:, Ulfi-.e; ir^.y, ya.:i:l; r.:-.adni, 

Aifi:; BL'-'Siler, Me.: M. ; dr . .>u n^ . , Ev' i n ;re 1 d .: .A Mas:-- -.cA .lae it ; Fye and 
L^r I nf i rra:i r-i, H.:i r il Meriio 3:.:.-:-j\, b--t:ri, ':.:A). Ar-ni'ie., of 

'"'imtnalm:. ! :::ry {dn:iv.T:a, lA. ^ . 4 , 4^:-B Endi-h) 10;..:. roE.FN: AP'jP;-^'A 
T;Ai;iI: OO'A: -■ :* j 0 . T nl- 1 1 a ne t : /j-ie :.a ■■: an :i-;:Ac^l /v-^s-rviaii )n. 
AB Aiurn.id :)iiL .:^ ion; :L fin^nc^.L 1 l . -lo- a ri , pr:per:y tep-)rned iit ta.e aims 
-f nanus ::r i.pt c unm : ...l L ^n, Doi-urr-a: i.n in-"- a :kn y ;le :laiueni y lot. on j.>acfe 
.IAA The jliiDv;in ;f itatt::mera.. si. a La ha-'--' ."ipr -r.^r-: ;1 in the- atti:'l'-:: "Dr.3. 
;■ i -kerLh'er I -.nd 3ie.::A?- are i:ais 1 1 tan t- i jr T PA ^ A .i on In::., Daluth, Ga, 
..nd v],T Pn jthe: a:: -/U-: ici In;., '/an r 'e r , bri'i^n 1 u:±-.. .;i . " . 
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2001:ll-H4.- ;.) :) .i.aneni :A' . i;:4:].4:-:3 PncA. .-riyriani. ^ th-'/rapy :/i"n "er *: fe:pc r ::in 
:: r choroidal neovascularization :aa;'r .i i y .) ^- re 1 itei 

iiia;:nA;ir :1t :i-::nera li : n : Remit.: f fet l v-.. t menl s in ■> pha:--: .: an-;l .1 -tudy. 
; Erratum to aocanent -^iied m :A I :A : .1 'Al : a ] . ;A:hni dt --Erfu::tn, '.fji-ula; 
Miller, Joan W. ; S i .na^^nber g , Ilirnel; l,-.^a.v, H:L---t; Sa rh ..iZeitC', 
Irene; Gragoudas , Evangelos , S.; "i^gi t i.- , Le:n-a;;i; Piauf:", 
Eer^.r,-:nd; P':iarna ::aa , 'T.on.H T. air. 1 Ji . ; Djnafj, 'Say; Ti-ine, /Ln: i':;-M;i ri e ; 
RirngiuteL, AegmaM; Van den Beiyr, Hurer-; otien:;;, H. Ancirev/; I^anjuris, 
''Irike; 3tay, Todd; lAadni, M,:iri;'; 3re:sl..r, X-il M. (R-tma :)efaLtment, 
''ni^^ei si f.- Eye H;)S}:' : t a I , Lul)f---A, ■.iernviny . Ar '-.n A-'e.: o:i C'phtii.ii].mcd. c gy 

Cnicago)^ .. AB ( 4 , ^-t (Enal.,;-ni .aA}0. /i'DEN : ARC'?y.W. I ;a;;N : aC (i -■- 9 ^Ai 0 . 
rubli;iher: .A'leri .;a;"i He-dioal s d va.ati- >n . 
AB Journal -jnis.vion rLnar.o_.:;l d . ■jl-j -a re , ] r^op-jr.. y r-Aii-rt-ed .it tj-.e time 

of manus ari}A. submii r r on , <:■( r red in 'an^ a > 'knc^ul^.-icrmeiw ^■ect:a.on 'jn page 
11:^. The rh:-llov;inr :;iai:emenA 5.n:)-.rLd r.a'- .-.pf: .■■arT':i in -ho art.icJe: "Drs. 
Si'.d.enbera a:jd B re r ar*:- ■-(;■ nsa L r ,ant_.-. f. r CTrA \Asii:)i\ In^:., Du] ath, Ga, 
and QLT Pno t<.: the ::arieu*:._ c 3 :i]i:., ^Anooa-.'er, British Go.luni'i..:; . 'A 
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1 998:4 1:316 D'-'Cument No. i28:9:AV.'0 AnipiCM.r rapiiic me-ihi >:! us_ing <7reen porphyrins 
in primate eyes. Miller, Joan W. ; Young, LuCj' H. 

Gragoudas, Evangelos S. (USA . U.:A ns 570796t: A 199&Ul_.o, 9 pp. 
(English). CODEN : IhSXXAIA APPLl l/ATIl'N : U.S 1994-209473 1994 CA14. 



AB All angio.j. method di;-3clo5ed for rbr,ervati-:n rf the condition of blood 
-essels, inducing r.eovasc .._ature i- ^he eye- : li\^Lng irimares, u-ing 
,.:::een pcrphyrir.s ana \ i qht ..z a wavel^:ngt.h o: :-C-700 nm to effect 
: luo res cei.ce . iJcnt:"'! cf exptl. choroidal 

neovascularization pr,.)t jdynaitii c therapy -.'-.th L-?D-M-v LPL is 

(■;e,3 :; cit ed . 
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1993 : 4 ■ 7 i:: D<- cumer.t No.: I'P,E'.' 1 * '/^ i 0 32 4 .1 7 1 . Dig.iva. angi og ra] i::y of CKV in the 
i.ic^rKey u.5.:ng t e-ni: :.p. : : fhy r . r. , p nthal.jcy-.nine .;ni ro:5t;- Ijei: i H. . Arl-oir, J. 
P.; r.no . 1 y, F, . ; E'i! nier, 7.; Gragoudas , E. S.; Miller, J. 
W. . Ho.s;:. Eye Eai I r. :i iT'ia : y , Harvarci Il'-d. So:.., Bo;:; Cin , ]1\ I'SA. 1 1 jVo , 
.jVic-d. n, 1 . 7'-, :y. . 4, pp. .:t^9(i. M'Vetir-g In.fD.: Ann-^a..l Meeting 

: z:j- A.: .■■ c ci a r ;.c n t :'r F.e.^e.jr:.h in 7'i-ion ana j} l-.th..am? J j .:y E: rt 
Luud-rioale, Fliri^la, 177AI-l..y 10-. S 1 ' 3 A.5^ . ci atior. f:i Fe;:earon.in 
7y.->L':n and. Oph t na ini : Ifjay . 7.i]i : En':;l:.sh. 
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97221-::--. l^ccnr.-:nt IJurit^et: -':22i-'U. t ullled IF: o3977. 1 1 ca 1 i za t ...on of 

. ..V) 3] ct -rir^-oel I'-er-^- 1 heiu : f o t pay r.i n < i- ro vat : - : n K«:t 1 ..1; o:. t ey-; . 
Harm -'ici f ; KL-iner M; Miller J W; Ha-.-.n T; E7:\te 'V J; 
Soh:)i:i<-i:-k'r: K T; Gragoudas E S. Ciep r tnent t 7']: h th.^lin; J ■ r/, 
Ila^.3 ■t--h--..: t£ Eyt- an 1 Ear 1 n r! i r:nri fy , l-.- r^^a r<:; ]lea:-c.;Li 7:h::i, r-c t u2114, 
i\:-A. C:;frAENT E7'E F.E7EAR;H, ■ 1 9 9 7 r eb 1 2 6 _ ; i:- - i^v-. J-jrnal ae : 
>..)4:.2. ::7::;K: 02 7 l - . y.7). -o.n-:ry: ENSL/j:;': Unjte:l r: '.AAdcm. 2,:.nguage: 

En ;rl ..-h. 

AB 7Ur;P'72E: ^ hotc-ayrLanii thei vny \?V'V) u.-- :ng oho pho tosensi ti zer 

Fenz :r '.rphyitin io r.i v -it.- 'e :fi -'n :-.a ■! ;Bi:'j-M\':: v-r r topo r t i n i is currently 

rirj.iei i n'.'e.i t ioa t_ jn for tn^- t re at.ni-^nt f choroidal 

neovascularization. We _ n" 'o - 1 i <:n tea tii-:-. lo ::a 1 .:. j-nt Lon of '.ni- 

photosensitizer a:iir.7 f .1 u a-e - .:ence mi'.: r d^: copy ma .p.ant j r i ed iti 

: r-.3once m ooai.if ;.^.^:^ae::■ -.ra.er p:i rpmy ron r- = c tic n .isin^ f 1 o :■ r e::; oenoe 

St 2 tr :ii y . ME'7KCiD2 : All-in'"' ral:i;;).i ts v/ere a n;i so^^; re :i _n;p Kg B7:VMA 

} ■r — 'Oirii: i. -xed \;i^ h 1 )Vj den-it y 1 ip jp r j t eon 272. in^ ra\'en : Hoiy , ra" i^i^^en 

n' I t i>r ^tm-vnt . 7ho e\*'5S v;e i o onaclea ^. e^.i at in'-'av'alo iie:v7--'en 5 niinite^ .;md 

24 hiarc .-.Iter iye i ;-l ; ^' -:t i and vjore tiidi-rd -/.th hi :iht ::nLl 1 1 :a:e3 oence 

■:r oor.',-, oi :ir i tod : 'a' porp-nyiin extrn:-i.r.. P.E7';L'77: At : :[irnut;es 
-tter dv-': :nie::ti:>n, tn^-r-.' wa.: bri.irht : iu d re .■■ ■■e:n(::e frioii "he ohjrri.ai and 
!-tin:iI p: :fnent: .-p i t no . uth RFE) v;i"h tra::e r':tii\al -at-or segment 
t X :)fe i ovnoo . /.fret 20 nrnn^o^, there v/as in .; re-: ei.i f ih :t; r':;oep t oa :)uter 
.-.-•Jiner.t an:l FlI H :iao res :en tut ile-roased ::n:r-. dial f ] u .a e;- =en . By 2 
|-...:>.r: no : 1 UDres .;en ::e rem-\ine:; in eitli-r the :::..-Did :>r '.ne ph :y. re ::eptor s 
.,r.d z'l.er-T was :1 Lniin: sned : 1 nj l ea oen -e jf the P.PE. TrE.::e kFE flu:aeo-en-e 
.^-i]: vising.; at. 24 h-in:.:. Eluo re. ■ oen -e .7 " 1 i z.i t i ::r-i r^f 1 i.p' Mua.i BPD 
(ij -::r) .^t the ear::.es- .2 minute-) oime pjir.t v;a.^ i :.niju i ; h ::;:)le ::rom 

-:-..^t .■ i: tne BI r.i -LDP -:Dm})le:-:. Fsin;^ ^.peotr d f i . ' r iinet ry, tne nighes*: BPD -MA 
!-'/e..T 1 L .'m the ey-:' wer^: m-.^.j red ir. "ne re i-..^ - PPE ■■ ^^^-i-a :'Dmple>: with 
P.iwer- le-/-:is mea.^are.i ft-om '.2ie sclera and Dr;\er t ia .L.a-;:5 . 2:7)NCLl'7 1 jNS : 
E2::)-M-. v/i".n LL'L raprlly a - :n.m.:.i a tes in the ::n:r id, RPE, -ani 
} not .-jt ec'-] 'tors arte] inor a'/^n : us inie-:tion. Fotnre .:,tu:n:.e.i of £'27 -aith 

f,.,i- -he tre.^itiaen' 3t f.-ndua :ii.~3rdet:o Mu-.y need ro .-idcesc. : ae 
: e hat -. or.anip tet^;e•:■n 'dy^-: L :>oa i i za ti jn and oh -a. j..iynami ca 1 . y -medi e d 
Jiry. 
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97099^ "7 EMBA.."E rinoam-^rLt No.: L ? :^7 0 9 ;32 o 5 . PhDtolyaamio therapy of exodative 
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:.ei jre lU' 7 ; and ■.: ^rnp]!;: . ror ':he f .not.-: dynarrd - therapy ( PI>T i o: 
r ::a1-i: c -jncii : _ ■ 'riO onara rt e i: : by ti:^r pres^/nce ui\Kanr e :i 

choroidal neovasculature , f ip-^ , n -c va : ul ar 

age-related macular degeneration. 

7 n':; i;-le -t. i^u »■ ■,' an 7 5en3j.^Lvity j! td>.- P7T net hc^ :1 can be enhancec; by 
'.■ n^i:)-.nin} the FTiT with ar. aiiT: .. ani:roooe.-ne,L i s ractui, t"c-i ex-umi.)-e, 
-nn :f^. j-ta" 1 n :l end j.; t.itm, \;itK an ap : f' to. ^ i s- iiK.cn . a ting f a:::toi . 

Fu-trierm.:. re, " :\k: .i-d e.-:ti^ u t y and en::^ti"ity c 1" the- FT^T nay be further 
^nnan.-ei :: y L-'op:. .ng .i t.n r jet, ..ng rio^-^y *. c me pnot c.^-ens. t i zer s 
t.-irg-et the ph " T^n.; iti.Z'r r to choroidal neovasculature 
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■*AESTF--ACT IS A" AI 7ABLE i:: THE A7L T^ID IA7L R'JFmi7^^ 

Clini::al re.-ulf.,3 o: ph.-) todynaniic rher.py contir.ne tc- ^ how promise for 
•he treatment ^f " 'an-:. -us .-olid nilig:Lanc: es . Thii paper briefly 
.- unimarizes; the ad-,.'antageo ,' di s advantages ^-f ^'arioui^ so-called 
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:;:'::N: :M--2;:;20. Ct'TiFM: "TTrliE. . C :>-..n" ry : United 2t:ate.: . 2an<:Tuage: 

Eri ;1 i . JumriL- r y L.-.n^iuag-^- : Engl i .-:h . 
AB t :n; t.jdyn.ii-ii : *.hera]y {.['D':d - admi n± .■■ tral i a p n ,^t. :'Sen5 i ti zing agent 

wnicn ■! then acti^'al-od ly the at: f Ii :ati(: Tl oi a !■: v;- i n.t ens i t y light source 
L;-. icl-'i..! y ;:ai^eLl tof tr'.:at;ing choroidal n-^c \' \3c a a ri zat i cii 
*"-h'"i iL>i".': rM3 I i::e~.'el o; 'ment :t :"i-"'Vj ll:i:ii \'e:ioe-.- :n the 
choroidal layer :A tne eye. "/e r tep i n Msadyne ';':■') li :he 
:it;v:. ph jto,3cn; 1* 1 .:in^} acenr to ;: e apf.-L^'ea rry the ■K:--. Eo : a ^na Dtaig 
Adira nl::— fat if ]. f'r u : ir. M-^ a tine t;j' ^ ai.e t'j age- 
related macular degeneration. Eohl.\;i: j a 

: 0-i-iir.u: 'J peii:d ■:■ : i ni r.. veri : us in:u::^:)n :t T-r " e[: .a: £h n, i t 5 potent 

f K : * : er.. i.tlL J ng e:te.::^ is elfiriently ,jc"iv;iel L-y n:n-th-:rnil liitnt at a 

_:naet v'.-r^e Len ^ tl. th^.:. o^n-t agent;-., ^.'h:c:. a . : ows i *; to peaetiate tj a 

aie,-:^ef depth (5 o iiiri . hi ;:h* a =r i - 3n :L -a;- r tep r f: . n 'jc :ar.f e>:cla£ively 

\;it}-dr. ":-.e •:cnger. neovasculature, i-^j^din:: :iny ■.iani ioie :) tae 

;--ur r-:i.n:ii ng utdi...'a*.e r. jul a t: r: jo r a r-r.; -mmi th- .is ,: - i ated risk o t: vision 

i:.z.- th.;ii-. can :::-at v.':tn tn-^amal 1 rhei/ipy. Tv;.. ran'.l'jm.i ze :i, 

I 1 3 .-el 'j .; .r.t.: vdl-a:: riulr i.-ent ::lij:io-.L t i' i ;i h- ha\'- demons T ra ted the 

etfiza::y -ini /af-rty : I: PhT v;.th \'e t \ -yo r :l ir. . T}.e td r: 5 t ^ t: ^ne.:e. 

Treatment " £ Age-Related Macular 

Degeneration v/itn ?1. : to.lynan^ c TneL.gv- lA^ : , c^'-nf d rmeci th3.t 

^-ert-jy r.-r;-eate.-l i.^ti-nv.- ha 1 a . ■m i f i :oint ly reauce'i risk of: m:)derate 

r ^e\'-;;:"e -.'i;a: :n 1 s a£'.er . an:; . y-rai;^- . t treatment. Th-: 

c-n jijdri':: I'-ri t« 'p : r 1 i n i ?h :dyn and - Therapy C.'Z?) -■ta:ly als:: ^h■:■v;ed that 

j-'at i-snt.^ \;-tl-. £a;.dAve.il -."V/ iiue r.o p.n tn-a; r-j^ ny'^p:-i. (a coniii ti'i^n i\:~>r 

v;hi d: nj i.ie-'iiaa treatment haci rr:-en - : : e ::t : ' ^e 1 • -^fieiien :-ed an 

mcre.^i,; .i ILhellnj-'d ol "i/iin s t: a; : 1 1 z ;> r : :'n liter 12 la^nrhs :> f 

-^rte^. :>r t.ri vher-iry. Ini.- rev; treatment apji'ij^iili r-'p re::;ent .: an 

.iitir '.-at int i-^'.nc-t m tne -;ini;;al iii.in jenient 1: Ct:\\ teiucing tne ^rC'Wth 

rt choroidal ne D'^i.-rn.l :i r l-'-fions ana ::■ 1 :rn : 1 m tl y le-.::eising 

tne ri.:-: : ::erL:ia.L -M-^L.n i:ss in rii.my a:le:::ei ■ • 

L37 A't:"V:Er. -5 '.jF 2 MEjLINE jU2h::ATE 1 

2 0011."^ 2 1) .. Lament: iru-il.er: ^^'■^~197. 2ahMe.:; I :> : LI "i^ 4 A; 4. Mecn an i.,L.nis cf 

Li n .'i nc*. ; d' 'n.<ni: "!:e::i:.y v/itn /• : rt ep r fa n f'ji td.e treatment 
t age related macular degeneration 

. .r :;nmi I- -Erlurtn "; Has..n T. i Uni • '-ria i t y Eye Hjspi^aL, Luoec<, Gernany. ) 

,y.fR2'E'i' :iE (j?};':'HAhMdL jd^d (.tA'O N:.\^ lie-d ^A [<[ .9'.-2].-;. Re f : : 97. Journal 

o : :i';a;':5i. Idii:: aO 3 --A '"A . F-u; . -^D.a.rry: ^diir-'d 2ta:.es. Languaifea 

En j1 i sn . 

AB Age related macular degeneration, 

I - r..i .li 1 Ly t]-,e n-r - ::u hi r td.rm : t * ne ai:;eas-, ia the iea:;in? r.aus-:: of 
Idindnors m -Id-rrly people: m ie\-' 1 "-pea -r^untriea. I'nermal 
} 'h A-_ 1 J il 3t : Dn L.-. .:A i L prefr-:-"-! treatment A'l 

choroidal nee • 'as -.u hat: rzar rC' n tnat net in\-i:Av- the t-j'J-ia, but 

_v i£ ,:ai-,^bi^/ f-'r only -i :n.;il] nu:d ' : patLont.s an:- it ^an lead :.C' 
_-i:n-i:a e los or I'ls-.ai a :ty. ?tj:)\.'.. lyn iuni c tnertji'y with use 
ph : - : cn^m-'::a:i Lirnt a-::t i" a t i :.n dI --eitepcrfrn a., .a ph :A ds enait.izer 
. ve : tep jr :.i n nneiapyi has .oeen snoan ^.3 1 e efeecti-'e Ln treating 
i-a; jui*:.ri zed \am:.i:s, an.d L o p^iAer/.... .1 tc treat .3ther c3ndlti.:)ns involving 
neo-af :.:ul.ai ir...::ion has -als ■ l^een sagrest:e:i. PreslLnic:al and clinical 
studies h.a-.-e mdisated tha" -^ertep r : .n Aierapy can k^e used to treat 
choroidal net. -.'asculari zati _n sec jniiai y to age- 
related macular degeneration effecti .ely and 



safelv. Selective occlusiC'n "^f choroidal neovasculature 

by rhi3 therapy causes miriiru;! damage to the neurosensory retina and, 
therefore, dzes not induce 1 ss -/isual acuity. Tnis benefit allows 
vertef :r£in rheiapy to be us- a in the large projicrticn c f: patients who are 
not eligible tor treatment by Laser fhotoc :agui.--.t i :>n . The 

iriecnar.ist.ic a:;pect.; of the r\- zx-t of action :f 11^ jht -actrv..ted verteporfm 
<ire de.-: c ritiei?. in tliis t:evie\;. 
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l'^99 : 7 eO ? 7;- Eic ouruE-nt Nc^. 1 3^ : ; 2 3 4 Pl'iC t odynami c i.nanune iti'.'dulat.i on (?TM). 
North, J^hn r, . ; Hunt, David W. C; Simkm, GuilJermo C'.; F.atkay, Leslie 
G.; Chsn, Agne;: H.; Lui, Ha.r'-ey M. D.; Levy, Julia G. («jLT 
F'hotoTheraf euti OS, Inc., \^a)■.■:■JU ver , hZ, Car, . ) . r'r^ceedmgs o: 3PIE-The 
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'^?)), 47;- 4 74 -En-jlisn) 1 ? ■ . CODEK : P3I.?DG. I. ISSN: : . 77 -7 1- -.X . 
lil-riec: SZIE The I nC e rnat i : na 1 Society f^r Optical En.:fi ne^.r ing . 

AB PhL t Dciyn ami o Trjr. ra])y (E'D?) i :-. irjoept ed f or treatment f 

- .it erl i cial ar.a luiaen- c col ua . n ,j tumors In regi^Dns ei r':e.E ik le to actrvating 
light and is r.o\; -cncwn tC' el:fect:ive in ::lcs.i:e c f choroidal 
neovasculature i n Age Related Macular 
Degeneration. IDT utLlizoi .ijnt al:.;:crbin? or a .fs 

It.notc i ensi ti Z'::rs ) that aen--- r a to the localized f:rmatijn cf r^i-active 
oxygen 3peci_e- aftei 11 ght »-mc I'.&ure. In a n : . :A 5 y^ t ecic , E'DT nas 
in[mlnc:iLO iul :u C'ry effects; E'n "'t : :iynaml c Imm..ne H -'C:.ulat i jn (PHI . U.^ing 
l.jv:- intensity jhotcdynanlc regimen;; applied i^-^ot a l<;ir.ie bc<ly ,Eurf:ace 
dLea, I r: :)gr e-: i c n -jjI mcu::-e , i : iiTimune disease ::-iuld l e — 'ihit'::. te^:; . 
rhirther, thli treatment ottvn^ly inhioited the irrLmunrl. 

meuiir^itei cDntact hype rseno_ r. i v I ty re.E-ponse lo ".:pr-ally app'-lrec; cnem. 
haiteni. Immune m^aulat.on ..prears t res.lt fLvm selectix^e targeting of 
a::t.ivared 1 lym^h:. ;ytes .~nci :e.;n. in iminun-is " inu ha t ic n by antigen 
presenting -ells. t s^r r ic.; i :■■ , an immune -mec; la to'l skin cjnaitr.cn, exhibits 
hei 'cht ene'l ep.i derma: cell i" 1 i fera: i jn, epii:iet:mal layer t hi <.:Kenin :j and 
plr^gue forniiitl cn :it different i: :idy ,:ites. In "i recent, clin. trial, 
atjpr^x. one-thitd )t patient.-.. ■■■;ith p'S jriasis and arthritis symptoms 
(liiociatlc iirtntitis} di.-playe:. a sicrnifican*: c.dn. i np r^^vemon t in several 
po criasis-i elated parameT.ers after fo..r weekly -./h Dle-t'Oly PIM 
treatments v;it.n vertercurin. I'he safety p^rDfil-- was f a'^orak'l.^- . 
Tne ::ar'acit\' C' f PIM tc influen:'.e otnet human irxTjne disordeir;- including 
rneumatoid :ii-tniiti5' is under extensive e\'aluaticn. 
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